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General introduction 
1.1 The problem 
Orofacial clefts are the most common of all congenital facial malformations 
in all major racial and ethnic groups. The clefts become evident from the 
fourth weeks of embryonal development. Genetic-, and environmental factors 
are considered to be main etiologic factors in the development of clefts. 
A review study pertaining to the incidence of clefts (CL, CP or CLP) in 
different races showed the highest values for American Indians (0.79-3.74 fee) 
followed by Japanese (0,85-3.36%0) and Whites (0.91-2.69). Chinese showed 
lower values (1.56-1.92), and Blacks the lowest (0.18-1.67%o) (Vanderas, 
1987). In the Dutch population, the incidence of clefts of the lip, alveolus, 
and/or palate is estimated between 1.4 and 1.9%o of livebirths (Felix-
Schollaart et al, 1986; Van den Akker et ai, 1986; Hoeksma et ai, 1992). 
In literature often different incidence rates are given. These discrepancies 
might be explained by the lacking of standardization in registration of 
orofacial clefts (Vanderas, 1987). 
Facial morphology of individuals with treated clefts still differs from the 
non-cleft population (Ross, 1987a). This indicates that the ultimate treatment 
goal, i.e. no difference in function and aesthetics of the mouth and the face, 
and no difference in speech, hearing, and psycho-social development with 
non-cleft persons, has not been reached yet. This, in spite of the fact that in a 
number of countries in the western part of the world, teams of specialists, 
i.e. peadiatricians, orthodontists, plastic and reconstructive surgeons, 
maxillofacial surgeons, E.N.T. specialists, speech pathologists, dentists, and 
social workers treat these patients from birth until adulthood. However, all 
efforts made in today's treatment modalities, transform an infant with severe 
functional and aesthetic handicaps into an adult with a facial morphology 
close to normal. The reasons for the remaining differences in morphology 
involve three groups of factors: intrinsic developmental deficiencies, 
functional distortions affecting the position and growth of both normal and 
abnormal parts, and iatrogenic factors (Ross, 1987a, 1987d). 
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1.2 Surgery and facial growth 
Each patient with a complete cleft will undergo at least three primary 
operations, i.e. lip closure, bone grafting for alveolar repair and palatal 
repair. 
Lip closure is generally performed in the first year after birth. 
Immediately after surgery of the lip, the maxilla is moulded by the restored 
soft tissues and muscles, which has a positive effect on the shape of the 
maxilla. In the long term, lip closure performed after the age of three 
months, seems not to have a negative effect on facial-, or dento-alveolar 
development (Ross, 1987c). 
Bone grafting for alveolar repair has to be performed ideally at the age 
of 9 to 10 years. Earlier reconstruction of the alveolar process leads to 
vertical growth inhibition of the operated area and might lead to local 
inhibition of the vertical growth of the maxilla (Ross, 1987b). 
Palatal repair is considered to be the main cause of growth inhibition of 
the midface. The mechanical properties of the scar tissue are held responsible 
for impairment of maxillary growth (Kuijpers-Jagtman, 1995). Scar tissue in 
the area of the pterygo-maxillary suture and the tubers might lead to ventral 
growth inhibition of the maxillary complex. 
This thesis will focus on the disturbance of maxillary dento-alveolar 
development after cleft palate repair. Several theoretical explanations for this 
phenomenon are given, i.e. scar tissue formation by surgical interference, 
type of surgery, age at which surgery is performed, pre- and postoperative 
treatment, abnormal function and the severity of the cleft (Bishara, 1973). 
Surgery, particularly the management of soft tissues and the quantity and 
distribution of scar tissue after healing, is considered to be one of the major 
factors (Ross and Johnston, 1972; Ross, 1987d). 
1.3 Palatal repair in humans 
The goal of surgical repair of the cleft in the palate is restoration of the static 
and dynamic anatomic integrity of the palate for normal deglutition and 
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speech without impairment of the subsequent maxillary growth and dento-
alveolar development. Literature is confusing on the best way to accomplish 
this goal. The major areas of contention are the timing and the technique of 
surgery. Traditionally, the timing of soft- and hard palate surgery has been 
between 12 and 24 month of age. Apparently, this was thought to be a good 
compromise between speech and growth requirements. Later, the theory of 
early repair of the soft palate for speech requirements, combined with 
delayed repair of the hard palate for reduced growth inhibition, was 
introduced into clinical practice (Hotz and Gnoinski 1976; Schweckendiek, 
1978). 
The commonly used techniques of cleft palate repair aim to restore the 
continuity of the nasal (sub)mucosa, the muscles of the soft palate, and the 
oral (sub)mucosa. Because of the deficiency of palatal soft tissues, most of 
the techniques result in denuded bone areas on the palate. Only a few 
techniques like the palatal mucosal flap technique by Perko (Perko, 1974) and 
the supraperiosteal technique according to Kohama (Kohama, 1991; Leenstra 
et al., 1996) result in total coverage of palatal bone with soft tissues. The 
areas of denuded bone have been topic of many studies, especially in animal 
experiments. 
1.4 Palatal repair in animal studies 
Experimental studies on different species have been carried out to get more 
insight into the effects of cleft palate repair on maxillary growth and dento-
alveolar development. Since breeding of mammals with standardized clefts 
appears to be impossible up to now, in most studies a cleft in the middle of 
the palate has been created artificially. In some studies a combined hard and 
soft palatal defect was created without closure. In such a study on monkeys, 
it was concluded that no reduction of transverse palatal growth was found, 
but this was not supported by any measurements (Sarnal, 1958). Freng 
(1979, 1981) on the other hand, reported a reduction of about 50% of 
transverse maxillary growth after creating an isolated bony palatal cleft in 
cats that was left open. 
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In other studies the artificially created clefts of the hard and soft palate 
were subsequently repaired (Meyer and Prahl, 1978, Bardach et al, 1979, 
1982, 1988, Barro and Latham, 1981) From these studies, it has to be 
concluded that the extensive trauma caused by the artificially created bony 
clefts has an influence on maxillary growth independent of the surgical 
repair Therefore, it seems obvious to avoid the extensive trauma caused by 
the creation of bony clefts Furthermore, the presence of a bony palatal cleft 
is not essential to evaluate the effects of palatal surgery, since closure in the 
clinical setting nowadays is achieved by mucopenosteal manipulation alone 
and not by osseous surgery (Kremenak and Searls, 1971, Millard, 1980, 
Kremenak, 1984, Wijdeveld et al , 1989) 
In studies of palatal repair after creating soft tissue defects only on the 
palate of beagle dogs, most authors concluded that manipulation of the 
mucopenosteum leads to dento-alveolar growth inhibition (Herfert, 1954, 
1956, 1958, Kremenak et al, 1967, 1970a, Kremenak, 1984, Wijdeveld et 
al , 1989, 1991) Histologic studies showed that scar tissue covering the 
former denuded bony areas after palatal repair remained different from the 
normal mucopenosteum It lacked elastic fibres, the collagenous fibres were 
oriented in a transverse direction, and the scar tissue was attached to the 
underlying bone by Sharpey's fibres (Densho, 1982, Wijdeveld et al, 1989, 
1991) It was suggested that prevention of scar tissue attachment to the 
underlying bone might lead to a more favourable maxillary growth 
(Wijdeveld et al, 1989, 1991) 
1.5 Modification of palatal repair 
Many studies are performed with the aim to promote a more favourable 
maxillary growth after palatal repair In some of the studies surgical 
techniques were redesigned (Perko, 1974, Densho, 1982, Kremenak et al, 
1983, Kremenak, 1984, Kohama, 1991) or the timing of surgery was varied 
(Hotz and Gnoinski, 1976, Schweckendiek, 1978, Perko, 1979, Blijdorp and 
Egyedi, 1984, Witzel et al, 1984, Wijdeveld et al, 1989, 1991) Other 
studies dealt with tissue expansion (Van Damme et al , 1994) to create new 
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tissue for closure of the palatal defect Also the treatment of wounds after 
surgery with various dressings (Kremenak et al., 1970b, Ogata et al , 1990), 
membranes (In de Braekt et al, 1992, 1995), agents (Laato et al, 1986, 
Falanga et al, 1988, Dutneux et al., 1989) and soft laser irradiation (In de 
Braekt et ai, 1991) have been studied in clinical, animal and in vitro 
experiments. In spite of all efforts, most authors agree that scar tissue 
formation after palatal repair is still one of the main causes of maxillary 
growth inhibition. 
1.6 Aim of this thesis 
Aim of the present thesis is to evaluate the maxillary dento-alveolar 
development after palatal surgery when denuded areas are avoided either by 
covering the denuded areas with biocompatible biodegradable membranes or 
by leaving periosteum on the bone. 
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Biodegradation of non-porous films 
2.1 Abstract 
The aim of this study is to investigate the in vivo behaviour of 5 different 
biodegradable films after submucoperiosteal implantation on the palate of 
beagle dogs. Non-porous films of poly-(L-lactic) acid (= PLLA), high 
molecular weight poly-(L-lactic) acid (= HMW-PLLA), poly-(DL-lactic) acid 
(= PDLLA), poly (б-caprolactone) (= PCL) and a copolymer of poly 
hydroxybutyrate 80% - hydroxy valerate 20 % (= PHB-co-HV 80/20) were 
implanted submucoperiostally on the palate of beagle dogs. After 2, 4, 8 and 
12 weeks in situ, the structure of the films and the tissue reactions were 
studied histologically. In terms of mechanical properties and tissue response, 
the PHB-co-HV film is the most suitable for use on dogs. 
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2.2 Introduction 
Individuals with a surgically closed cleft lip, alveolus and or palate differ 
from the non-cleft population in facial morphology. Apart from other factors, 
the surgical repair itself is an important disturbing factor for maxillary 
growth (Ross and Johnston, 1972; Ross, 1987a, 1987b). 
Closure of palatal defects in humans is often achieved by the so-called 
von Langenbeck technique. With this technique, palatal closure is achieved 
by moving mucoperiosteal flaps to the midline of the palate, leaving two 
areas of denuded bone adjacent to the dentition. Reduction of the surface area 
of these wounds proceeds by migration of keratinocytes and fibroblasts as 
well as by wound contraction. Later on formation of scar tissue takes place 
which might influence subsequent maxillary growth or might affect the 
development of the dentition. 
In order to study the iatrogenic effects of surgical palatal repair on 
growth and development, several animal experiments have been conducted in 
which soft tissue palatal repair was performed in a non-cleft beagle dog 
model (Herfert, 1958; Kremenak et al., 1970; Wijdeveld et al., 1989, 1991). 
The results of the experiments simulating the von Langenbeck technique led 
to the conclusion that the scar tissue which developed on the areas of 
denuded bone became attached to the underlying bone by Sharpey's fibres. 
This phenomenon might be responsible for the disturbance of dento-alveolar 
development (Wijdeveld et al., 1989, 1991). Follow-up studies attempted to 
prevent the attachment of such scar tissue to the bone by submucoperiosteal 
insertion of porous poly-(L-lactic) acid (= PLLA) films (Mv = 220 kg/mol). 
Although it appeared that premature degradation of the films took place in 
vivo, the results were promising as no attachment of scar tissue to the bone 
was found in the vicinity of remnants of the films (In de Braekt et al., 1992, 
1995). 
The rate of degradation of biodegradable materials in specific in vivo 
circumstances is hard to predict as many interdependent material 
characteristics play a role, such as chemical structure, molecular mass, 
presence of residual compounds, crystallinity and physicochemical factors. 
Other factors of influence are sterilization, storage, interactions with tissues, 
16 
Biodegradation of non-porous films 
and functional demands (Vert et al., 1992). Valid data about the degradation 
rate can only be obtained if the test conditions mimic the real situation as 
closely as possible (Miller and Williams, 1987). 
Disturbances in maxillary arch dimensions after palatal surgery in beagle 
dogs become apparent during the transition of teeth (Wijdeveld et al., 1989). 
Therefore, the mucoperiosteum and the bone have to remain separated until 
the transition of teeth has been completed. Surgery in beagle dogs is 
performed when the deciduous dentition is completed at approximately 12 
weeks of age. The transition is completed at about 24 weeks of age. Hence, 
the films have to remain intact for at least 12 weeks. The aim of this study is 
to evaluate the biodégradation of 5 different films after submucoperiosteal 
implantation on the palate of beagle dogs. 
2.3 Materials and methods 
2.3.1 Materials 
Films were made of 5 different materials: poly-(L-lactic) acid (= PLLA), 
high molecular weight poly-(L-lactic) acid (= HMW-PLLA), poly-(DL-
lactic) acid (= PDLLA), poly (e-caprolactone) (= PCL) and a copolymer of 
poly hydroxybutyrate 80% - hydroxy valerate 20 % (= PHB-co-HV 80/20). 
PLLA and PDLLA were obtained from the Department of Chemical 
Technology, University of Twente, The Netherlands; HMW-PLLA was 
purchased from Purac Biochem, Gorinchem, The Netherlands; PCL from 
Interox Chemicals, Warrington, U.K. and PHB-co-HV was obtained from 
Marlborough Biopolymers, Cleveland, U.K.. 
The viscosity average molecular weights (Mv) were determined by 
viscometry and calculated by applying the Mark-Houwink relationship 
(Schindler and Harper, 1979). For specifications of the materials given by the 
manufacturers see Table 2-1. 
All films were prepared at the Department of Chemical Technology, 
University of Twente, The Netherlands. The materials were dissolved as 5% 
w/w in chloroform (Merck, Darmstadt, Germany). After filtration they were 
cast on a glass plate in a thickness of 70-80 μπι. After evaporation in a 
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nitrogen gas atmosphere for 72 hours, all films were vacuum dried at 80°C 
for 48 hours. The films were cut into samples of 4x8 mm. 
Table 2-1 Specifications of the films. 
Material 
PLLA 
HMW-PLLA 
PDLLA 
PCL 
PHB-co-HV 
Mv 
240 
800 
460 
55 
265 
Tm 
180 
180 
-
65 
145 
Tg 
60 
60 
55 
-60 
0 
Structure 
crystalline 
crystalline 
amorphous 
crystalline 
crystalline 
Mv = viscosity average molecular weight (kg/mol) 
Tm = melting temperature (°C) 
Tg = glasstransition temperature (°C) 
2.3.2 Implantation 
In each of two young adult beagle dogs films of five different materials were 
implanted at two points of time. The films were left 2, 4, 8 or 12 weeks in 
situ. 
Prior to the surgical procedures, the animals were premedicated with 0.5 
ml Thalamonaf (fentanyl, 0.05 mg/ml + droperidol 2.5 mg/ml; Janssen 
Pharmaceutica, Beerse, Belgium) and 0.5 ml atropine (atropine sulphate 0.5 
mg/ml). Subsequently, they were anaesthetized with an intra-venous injection 
of 30 mg/kg Narcovet* (sodium pentobarbital 60 mg/ml; Apharmo, Arnhem, 
The Netherlands). After intubation, anaesthesia was maintained with Ethrane® 
(enflurane 15 mg/ml; Abbott, Amstelveen, The Netherlands). The oral 
mucosa and the dentition were cleaned with Chlorhexidine digluconate 1 % in 
water. In addition 5 ml Xylocaine* (lidocaine hydrochloride 0.4 mg/ml + 
adrenaline 0.0125 mg/ml; Astra Chemicals, Rijswijk, The Netherlands) was 
injected into the palatal mucoperiosteum to avoid excessive bleeding during 
surgery. 
To simulate the clinical situation where the films are in direct contact 
with the oral environment, a biopsy punch 0 4 mm (Stiefel Laboratorium, 
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Figure 2-1 Schematic drawing of the palate of a dog, showing the soft tissue 
defects. The dotted lines represent the incisions. The transversal cross-section is 
showing the films in situ. 
Offenbach am Main, Germany) was used to create five circular soft tissue 
defects between the rugae at one side of the palate at one third of its width. 
Then an incision of approximately 8 mm was made 2 mm from the midline 
between the rugae. The mucoperiosteum was tunnelled from the incisions to 
the punched defects. In each pocket a film piece measuring 8 x 4 mm was 
inserted after disinfection by immersion in 1 % Chlorhexidine digluconate in 
water for 1 min followed by rinsing in sterile saline for 0.5 h. The part of 
the films underneath the defect was left uncovered. Suturing of the incisions 
was not necessary. The procedure was repeated at the other side of the palate 
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for another series. A schematic drawing of the palate of a dog with films in 
situ is given in Figure 2-1. 
After surgery, the animals were medicated with 1 ml of Albipen* 15% 
(ampicillin anhydrate 150 mg/ml; Mycofarm, de Bilt, The Netherlands) and a 
maintenance dose of 1 ml Albipen* LA (ampicillin anhydrate 100 mg/ml; 
Mycofarm, de Bilt, The Netherlands) the 2nd and 4,h day postoperatively. The 
dogs received a normal diet after surgery. 
At the end of the experimental period the animals were killed. After 
premedication with Thalamonal* they were brought under general anaesthesia 
using 30 mg/kg Narcovet* after which 0.5 ml/kg Thromboliquine* (heparin 
5000 i.u./ml; Organon, Boxtel, The Netherlands) was administered. After 
some minutes a lethal dose of Narcovet* was injected intravenously. The 
vascular system was perfused with physiologic saline, followed by 4% 
neutral formaldehyde as a fixative. After perfusion, the maxillae were 
dissected and immersed with 4% neutral formaldehyde for another 2 weeks. 
They were then sawn into smaller blocks, containing the specimens, which 
were decalcified in 20% formic acid and 5% sodium citrate, dehydrated, and 
embedded in Paraplast* (Monoject Scientific, Athy, Ireland). Serial sections 
of 7μπι were prepared and stained with haematoxylin and eosin for 
histological examination. 
Apart from routine histological parameters, a semi-quantitative 
classification was used for the description of the thickness of the capsule 
surrounding the films. A capsule consisting of 1-10 cell layers was called 
thin, 11-20 cell layers medium, and a capsule consisting of 21 or more cell 
layers was called thick. 
2.4 Results 
2.4.1 PLLA 
After 2 weeks, the film could not be found in any of the sections; it had been 
apparently displaced. After 4 weeks the film was intact and was surrounded 
by a cellular capsule of medium thickness. The cellular component consisted 
mainly of macrophages, lymphocytes and plasma cells. The connective tissue 
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in the vicinity of the film was hyperaemic. The palatal bone was lamellar. 
Neither bone resorption nor deposition was found. The film was displaced 
medially to some extent. After 8 weeks the film was still unimpaired. A 
fibrous capsule of medium thickness surrounded the film. The bone showed 
the same aspects as after 2 weeks. This film was also displaced medially. 
After 12 weeks the film was fractured into 2 fragments, each surrounded by 
a capsule of medium thickness. Close to the fracture, the capsule was 
interrupted by a focal infiltrate containing lymphocytes and plasma cells (Fig. 
2-2). Some bone deposition was found in the vicinity of the film. 
2.4.2 HMW-PLLA 
After 2 weeks the film was slightly bent but fracture lines could not be 
found. The medium-sized capsule was partly cellular and partly fibrous. On 
the oral side of the film a focal infiltrate was located containing lymphocytes, 
plasma cells, macrophages and multi-nucleated giant cells which were also 
found in the cellular part of the capsule. The mucoperiosteum close to the 
film was hyperaemic (Fig. 2-3). Resorption of the lamellar bone was found 
underneath the film. After 4 weeks the film was surrounded by a thin fibrous 
capsule. No infiltrate was present. Some bone resorption was found. The 8 
week film was slightly bent and showed some fracture lines. It was 
surrounded by a fibrous capsule of medium thickness. There was no 
infiltrate, and the bone showed local resorption. The 12 week film was 
fractured into two parts and showed a few focal infiltrates containing 
lymphocytes and plasma cells. 
2.4.3 POLLA 
After 2 weeks the film was surrounded by a thin cellular capsule containing 
lymphocytes, plasma cells and macrophages. The film was not fractured and 
no infiltrates were found. The bone was lamellar and bone deposition might 
have been slightly reduced. After 4 weeks the non-fractured PDLLA film 
showed some cell ingrowth at the side of the film that faced the bone. On the 
same side the thin cellular capsule contained lymphocytes, plasma cells and 
macrophages. On the oral side of the film the capsule had changed into a 
fibrous one. Some bone resorption was found. There was no hyperaemia. 
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Figure 2-2 Л/ter /2 vveeArs гЛе PILA film was fractured and showed a focal infiltrate 
close to the fracture. F = film, В = bone, FI = focal infiltrate. H and E staining, 
X340. 
Figure 2-3 After 2 weeks the mucoperiosteum surrounding the HMW-PLLA film was 
hyperaemic. F = film, С = capsule, FI = focal infiltrate. H and E staining, X90. 
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Figure 2-4 This 12 week specimen of the PDLLA film showed cell ingrowth on the 
side facing the bone. F = film, С = capsule, I = cell ingrowth. H and E staining, 
X220. 
Figure 2-5 The folded PCL film was surrounded by a thin fibrous capsule after 12 
weeks. Severe bone resorption could be noticed. F = film, С = capsule, В = bone. 
H and E staining, X35. 
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Figure 2-6 After 2 weeks the PHB-co-HV 80/20 was deformed in an S-shape. Severe 
bone resorption was found on the side where the film was close to the bone. F = 
film, С = capsule, В = bone. H and E staining, X35. 
After 8 weeks only a part of the film was present in the section. It was 
surrounded by a partly thin, partly medium cellular capsule containing 
lymphocytes and plasma cells. The film was unimpaired and showed more 
cell ingrowth at the bone side compared with the 4 week film. The deposition 
of bone was decreased. After 12 weeks the film showed a fracture line and 
was surrounded by a thin cellular capsule containing lymphocytes and plasma 
cells. The cellular capsule was surrounded by a thick fibrous capsule. A focal 
infiltrate was found close to the fracture line, containing lymphocytes and 
plasma cells. The cell ingrowth, also at the side facing the bone, was most 
marked in the 12 week PDLLA film (Fig. 2-4). The bone deposition was 
reduced. 
2.4.4 PCL 
After 2 weeks the film was folded without fracturing or fracture lines. The 
cellular capsule of medium thickness contained lymphocytes, plasma cells and 
macrophages. An infiltrate was located in between the folding, consisting of 
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Figure 2-7 After 12 weeks the unimpaired PHB-co-HV 80/20 film was surrounded 
with soft tissue without signs of inflammation. F = film, С = capsule, В = bone. H 
and E staining, XI40. 
the same cells as the capsule. The tissue surrounding the film was 
hyperaemic, and moderate bone resorption was found. The bone was 
lamellar. After 4 weeks the film was also folded. The capsule was thin and 
severe bone resorption was found. The other aspects were the same as after 2 
weeks of implantation. After 8 weeks the film was also folded. The fibrous 
capsule was of medium thickness. Severe bone resorption was found but no 
infiltrates were encountered. After 12 weeks the folded film was surrounded 
by a thin fibrous capsule. Severe bone resorption was still found (Fig. 2-5). 
2.4.5 PHB-co-HV 
After 2 weeks the film was deformed into an S-shape with some fracture 
lines in the curves (Fig. 2-6). Severe resorption of lamellar bone was found 
at the side where the film was close to the bone. A cellular capsule of 
medium thickness containing lymphocytes, plasma cells and macrophages 
surrounded the film. The implantation area was hyperaemic. An infiltrate 
could not be found. After 4 weeks the end of the film was bent, showing 
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some fracture lines. It was surrounded by a thin fibrous capsule, and bone 
deposition was found. The films were unimpaired after 8 and 12 weeks. Both 
were surrounded by a fibrous capsule of medium thickness. There were 
neither infiltrates nor hyperaemic regions. There was no osteoclastic activity 
(Fig. 2-7). 
2.5 Discussion 
The aim of this study was to investigate the in vivo behaviour of different 
biodegradable films after submucoperiosteal implantation on the palate of the 
beagle dog. In the histological evaluation attention was paid to the 
localization and structure of the films; to the size, structure and components 
of the capsule; to the localization, size and components of infiltrates and to 
bone deposition and resorption. 
The localization of the films was normal. They were found where 
expected, except for the PLLA films which had an unexplained tendency to 
displace medially, which also has been described by In de Braekt el al. 
(1991). Probably due to this tendency, the 2 week PLLA film was absent in 
the specimen. 
Fracture was only observed in films consisting of PLLA and HMW-
PLLA after 12 weeks. Both films fractured into 2 parts. This does not 
confirm the outcome of several other studies where earlier fracture is 
reported. In de Braekt et al. (1991, 1995) reported fracture of porous PLLA 
films (Mv = 220 kg/mol, thickness 110 μπι, porosity range 0.5 μπι to 1.0 
μπι) into several small parts starting after the first week of implantation on 
the palate of beagle dogs. Galgut et al. (1991) reported fracture of PLLA 
membranes (Mv = 50 kg/mol and Mv 200 kg/mol, thickness 20 μπι, 40 μπι 
and 70 μπι) and of membranes made of a copolymer of PHB-co-HV 80/20 
within 2 weeks after placement transcutaneously in the dorsum of rats. 
Beumer (1993) also reported fragmentation starting 2 weeks postoperatively 
after implantations of bilayers existing of dense top layers of Polyactive* (HC 
Implants, Leiden, The Netherlands), a poly(ethylene oxide) - poly(butylene 
terephthalate) (= PEO/PBT) copolymer, with variable weight ratios of the 
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soft (PEO) and the hard (PBT) segments and macroporous underlayers of the 
same material or of poly-L-lactide, Mw (weight average molecular weight) = 
104 kD (Purac, Gorinchem, The Netherlands), porosity 100-200 μιτι. 
In the present study, fracture of the PLLA and the HMW-PLLA films 
was only found after 12 weeks, which might indicate that non-porous 
material is more resistant to fracture than porous material, probably due to 
better mechanical properties and a smaller surface area available for 
(bio)chemical reactions. However, Li et al. (1990a, 1990b, 1990c) reported 
enhanced degradation of non-porous PLLA compared to porous material. 
They observed that the inner mass of PLLA degraded first, forming a semi­
permeable layer on the outside. This layer prevents release of large parts of 
oligomers, which are thought to be responsible for inducing an autocatalytic 
process. This phenomenon was confirmed by Lam et al. (1995) for PLLA 
films (Mv = 50 kg/mol, thickness 400 μιτι) of different porosity after 
subcutaneous implantation in rats. Due to the small thickness of the films 
used in our study (< 100 μπι), accumulation of oligomers and hence the 
autocatalytic process might not play a role. Higher load or load over larger 
surface area might also be reasons for a more rapid strength loss and earlier 
fracture of biodegradable films (Leenslag et al., 1987). 
Deformation was found for example in the 8 week HMW-PLLA film 
and the 2 week PHB-co-HV film. This is probably due to the insertion 
procedure (Galgut et al., 1991) and might be prevented by a surgical 
procedure in which the films are applied without stress. The folding seen in 
the PCL films might be the result of internal stress of the material and could 
possibly be prevented by changing the manufacturing procedures. 
The capsule was generally of medium thickness and changed in time 
from a cellular capsule containing lymphocytes, plasma cells and 
macrophages to a more fibrous one. The PDLLA films were an exception 
showing a cellular capsule at each point of time. The PDLLA films showed 
cell ingrowth increasing in time on the side facing towards the bone in the 4, 
8 and 12 week specimens. The fact that cell ingrowth took place only at one 
side of the film might be explained by the casting procedure by which an 
irregular surface could have been formed. In all three specimens cell 
ingrowth was facing the bone, but this seems to be a coincidence. 
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Small focal infiltrates containing lymphocytes and plasma cells seemed 
to be related to fractures, fracture lines, or were located between the folded 
PCL films. Fragments of the polymers might probably induce cellular 
infiltration. 
Resorption of the palatal bone was exclusively found in the vicinity of 
films showing deformation, i.e. the PCL films and to a lesser extent the 
HMW-PLLA films. This indicates that increase of pressure in the soft tissues 
caused by deformation of the films is a more important factor leading to bone 
resorption than chemical stimuli by degradation products. 
The biodégradation of PLLA, HMW-PLLA, PDLLA and PCL is clearly 
demonstrated in many studies. In the literature there is some doubt about the 
biodégradation of PHB-co-HV. Miller and Williams (1987) concluded that 
PHB and its PHV copolymers only degrade in vivo (subcutaneous 
implantation in rats) after subjection to 10.0 Mrad of gamma radiation. 
Knowles and Hastings (1992) concluded that the copolymer does degrade in 
vitro, although very slowly, thus PHB and its PHV copolymers do seem to 
be biodegradable material. 
2.6 Conclusions 
Compared with the other films, the PHB-co-HV 80/20 film is the easiest one 
to manipulate and adapt during surgery. The material induces very little 
tissue response after 8 and 12 weeks. Thus, with respect to the material 
characteristics and the tissue response, the PHB-co-HV films are the most 
suitable for our purpose. The other materials might also be usable after some 
modifications, as it is well known that degradation characteristics are 
dependent on the way the films are prepared. Although an increasing amount 
of literature is available on the degradation of PHB and its copolymers, 
supplementary research has to be done to the degradation rate of PHB-co-HV 
for this specific application. 
It has to be emphasized that the results of this study cannot be translated 
directly to the human situation because of the specific in vivo degradation 
characteristics. When separation of mucoperiosteum and bone has been 
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proven to lead to a more favourable dento-alveolar development in the dog 
model, further research has to be done to obtain suitable films for use in 
human cleft palate surgery. 
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Biodégradable membranes and dento-alveolar development 
3.1 Abstract 
The aim of this study was to compare the dento-alveolar development in 
beagle dogs after palatal repair according to von Langenbeck with and 
without implantation of membranes made from a copolymer of poly 
hydroxybutyrate 80%- hydroxyvalerate 20% ( = PHB-co-HV 80/20). The 
experiments were performed on 22 beagle dogs. In experimental group 1 (n 
= 6; age 12 weeks), palatal surgery was performed using the von 
Langenbeck technique. In experimental group 2 (n = 10; age 12 weeks), the 
von Langenbeck technique was used, followed by implantation of PHB-co-
HV membranes. Six dogs (age 12 weeks) served as unoperated controls. It 
was concluded that palatal surgery according to von Langenbeck followed by 
implantation by PHB-co-HV membranes had only a slightly less detrimental 
effect on dento-alveolar development compared with the von Langenbeck 
procedure only, while wound healing was retarded and most membranes were 
sequestered. 
35 
Chapter 3 
3.2 Introduction 
The facial morphology of patients with cleft lip and palate differs from the 
non-cleft population (Ross, 1987a) This is caused by three main factors 
intrinsic developmental deficiencies, functional distortions, and iatrogenic 
factors The last factors are considered to be the major reason for midfacial 
hypoplasia in patients treated for clefts (Ross, 1987a) The quantity and 
distribution of scar tissue which develops as a result of the surgical soft tissue 
management is probably responsible for this phenomenon (Ross, 1987b, 
Wijdeveld et al , 1989, 1991) 
Several experimental animal studies have been carried out to get more 
insight into the effects of repair of lip, alveolus, and/or palate on facial 
growth Herfert (1954, 1956, 1958) was the first to perform experiments on 
beagle dogs He concluded from a split mouth study on five dogs that the 
raising of mucopenosteal flaps and leaving denuded bone exposed to the oral 
environment, resulted in maxillary growth impairment In a series of studies 
following Herfert's design, Kremenak (1984) and Kremenak et al (1967, 
1970) found that unilateral excision of a strip of mucopenosteum adjacent to 
the posterior deciduous teeth resulted in maxillofacial growth inhibition 
Bardach (1990), Bardach and Kelly (1988) and Bardach et al (1988) created 
unilateral soft tissue and hard tissue defects in the lip, alveolus, and palate of 
rabbits and beagle dogs Growth aberrations were found after surgical repair 
of the lip and palate, or after lip closure alone Bardach (1990) concluded 
from his series that lip closure results in an increase of lip pressure, which 
could be an important factor in craniofacial growth aberration 
Wijdeveld et al (1989, 1991) simulated palatal surgery according to von 
Langenbeck in beagle dogs of different ages in a non-bony cleft model Their 
surgical approach resulted in a narrowing of the posterior dental arch which 
became apparent only after transition of the teeth This was in contrast with 
the arch development in control animals, where the posterior teeth tended to 
displace laterally during growth Histological evaluation showed that the 
composition of the palatal scar tissue in the experimental groups remained 
different from the normal mucopenosteum, irrespective of the age on which 
surgery was performed The scar tissue covering the lateral wound areas 
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adjacent to the posterior teeth lacked large blood vessels and elastic fibres, 
and showed a mainly transversal orientation of collagenous fibres. The scar 
tissue was attached to the underlying bone by Sharpey's fibres and the 
mucoperiosteum was continuous with the periodontal ligament. The 
combination of these factors in a growing animal, might result in a medially 
directed tensile force on the teeth, resulting in narrowing of the dental arch 
during or after transition. The authors suggested that prevention of scar tissue 
attachment to the underlying bone after surgery might lead to a more 
favourable dento-alveolar development. 
Using the experimental model of Wijdeveld, In de Braekt et al. (1992, 
1993, 1995) attempted to prevent scar tissue attachment by separating scar 
tissue and palatal bone by implantation of biocompatible, biodegradable 
membranes. Premature degradation of the membranes influenced the results 
negatively but with improvement of the material characteristics of the 
membranes, the development of Sharpey's fibres might be prevented. In a 
study of 5 different biodegradable materials Leenstra et al. (1995) found that 
membranes made from a copolymer of poly hydroxybutyrate 80%-
hydroxyvalerate 20% ( = PHB-co-HV 80/20) seemed to be suitable for 
prevention of development of Sharpey's fibres after von Langenbeck repair in 
dogs. 
The aim of this study was to compare the dento-alveolar development in 
beagle dogs after palatal repair according to von Langenbeck with and 
without implantation of membranes made from a copolymer of poly 
hydroxybutyrate 80% - hydroxy valerate 20% ( = PHB-co-HV 80/20). 
3.3 Materials and methods 
3.3.1 Animals 
The experiments were performed on 22 beagle dogs. In experimental group 1 
(n = 6; age 12 weeks), palatal surgery was performed using the von 
Langenbeck technique as previously described by Wijdeveld et al. (1989, 
1991). In experimental group 2 (n = 10; age 12 weeks), the von Langenbeck 
technique was used, followed by implantation of PHB-co-HV membranes. Six 
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dogs (age 12 weeks) served as controls. 
3.3.2 PHB-co-HV membranes 
The PHB-co-HV membranes were prepared at the Department of Chemical 
Technology, University of Twente, The Netherlands. The material PHB-co 
HV (Marlborough Biopolymers, Cleveland, UK) was dissolved as 5% w/w in 
chloroform (Merck, Darmstadt, Germany). After filtration, membranes were 
cast on a glass plate in a thickness of 70-80μπι. After evaporation in a 
nitrogen gas atmosphere for 72 h, the films were vacuum dried at 80°C for 
48 h. The membranes were cut into samples 20 χ 80 mm. The membranes 
were treated by radio frequency glow discharge in order to improve 
wettability and cell adhesion. A compact electrodeless glow discharge 
apparatus was used (Harrick PDC-3XG; Harrick, New York, USA). The 
membranes were placed inside the pyrex sample tube of the apparatus. When 
a vacuum of 6.7 Pa was achieved, the system was flushed with argon at a 
vacuum pressure of 20 Pa. Then the radio frequency field was turned on and 
the membranes were exposed to the glow discharge for 5 min. The glow 
discharge process was considered to be a sufficient sterilization method (Baier 
et al., 1982). 
3.3.3 Surgical procedures 
Prior to surgery, the animals were premedicated with 0.5 ml Thalamonaf 
(fentanyl, 0.05 mg/ml + droperidol 2.5 mg/mi; Janssen Pharmaceutica, 
Beerse, Belgium) and 0.5 ml atropine (atropine sulphate 0.5 mg/ml). 
Subsequently, they were anaesthetized with an intra-venous injection of 30 
mg/kg Narcovet* (sodium pentobarbital 60 mg/ml; Apharmo, Arnhem, The 
Netherlands). After intubation, anaesthesia was maintained with Ethrane* 
(enflurane 15 mg/ml; Abott, Amstelveen, The Netherlands). The oral mucosa 
and the dentition were cleaned with Chlorhexidine digluconate 1 % in water. 
In addition approximately 6 ml Xylocaine* (lidocaine hydrochloride 0.4 
mg/ml + adrenaline 0.0125 mg/ml; Astra Chemicals, Rijswijk, The 
Netherlands) was injected into the palatal mucoperiosteum to avoid excessive 
bleeding during surgery. 
In all experimental animals a standardized soft tissue defect was created 
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Figure 3-1 Schematic drawing von Langenbeck technique resulting in denuded 
areas. 
Figure 3-2 Schematic drawing of von Langenbeck technique followed by 
implantation of PHB-co-HV. After surgery denuded bone is covered with membranes. 
39 
Chapter 3 
in the medial region of the palate by incising, elevating and removing an 
lenticular mucoperiosteal flap. This flap extended distally from the canines to 
the region of the hard palate distally of the deciduous third molars. The 
maximum width of the flap was one third of the transverse distance between 
the deciduous first molars. 
Thereafter relaxation incisions reaching to the bone were made on both 
sides of the palate adjacent to the posterior teeth. The remaining palatal 
mucoperiosteum was elevated from the underlying bone with a small 
raspatory. The major palatine neurovascular bundle was not damaged during 
the operation. The soft tissue defect was closed in the midline and sutured in 
one layer with 4-0 Vicryl, leaving two areas of denuded bone adjacent to the 
dentition (Fig. 3-1). In experimental group 2 the von Langenbeck procedure 
was followed by implantation of PHB-co-HV-membranes (Fig. 3-2). The 
denuded bony areas were measured and the PHB-co-HV membranes were cut 
to shape with a pair of scissors. Then the membranes were placed on the 
bone and moved underneath the wound margins for a few millimetres. In 
each wound, 2 sutures of 4-0 Vicryl bridging the wound were used to prevent 
shifting of the membrane. The wound defect was left open to heal by 
secondary epithelialization. 
All experimental animals were medicated preoperatively with 1 ml of 
Albipen* 15% (ampicillin anhydrate 150 mg/ml; Mycofarm, de Bilt, The 
Netherlands) and maintenance doses of 1 ml Albipen* LA (ampicillin 
anhydrate 100 mg/ml; Mycofarm, de Bilt, The Netherlands) the 2nd and 4lh 
day postoperatively. All animals received a normal diet after surgery. 
3.3.4 Dental casts 
Alginate impressions (CA 37"; Cavex, Haarlem, The Netherlands) of the 
maxillary dental arch of all animals were taken at 12 weeks of age at the start 
of the study or prior to surgery, and at 15, 17, 19, 22, and 25 weeks of age. 
For this purpose the animals were premedicated each time with 0.5 ml 
Thalamonal* (fentanyl 0.05 mg/ml + droperidol 2.5 mg/ml) and 0.5 ml 
atropine (atropine sulphate 0.5 mg/ml). Subsequently, they were 
anaesthetized with an intravenous injection of 15 mg/kg Nesdonaf (thiopental 
sodium 50 mg/ml). The alginate impressions were poured out within 2 h. 
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Figure 3-3 Schematic drawing of Figure 3-4 Schematic drawing of 
maxillary deciduous dentition with maxillary permanent dentition with 
measuring points. measuring points. 
The following measuring points were defined on the dental casts for the 
deciduous as well as for the permanent dentition (Figs. 3-3 and 3-4): 
• midpoint {— mid): midpoint between the central incisors 
• tip points: tips of the right and left canines; deciduous first, second, and 
third molars; the permanent first, second, third, and fourth premolars; 
the permanent first molars 
• crest points: mesial and distal crests at the gingival margin of the right 
and left deciduous first and second molars; permanent first, second and 
third premolars 
The coordinates of the measuring points were digitized with a Reflex 
Microscope" (Reflex Measurement, London, UK). Inevitably, due to the 
transition period, some measuring points were missing at some ages. All 
series of dental casts were measured by one observer. To determine the 
measurement error, 35 dental casts were digitized by two independent 
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observers. The coordinates of the measuring points in the deciduous and 
permanent dentition were used to calculate the following categories of 
variables: 
Transversal distances: 
The sum of the perpendicular distances from the tips of corresponding left 
and right teeth to the line between midpoint and the midpoints of the lines 
between the tips of the right and left deciduous third molars or, if available, 
the right and left permanent first molars. 
Arch depths: 
Distances between midpoint, and the midpoints of the lines between the tips 
of the right and left deciduous third molars or, if available, the right and left 
permanent first molars. 
Tipping: 
Tipping was calculated as the distance of the projection of the tip of a certain 
tooth to the line between the mesial and distal crests of the same tooth. It was 
also recorded, whether teeth tipped palatally or buccally. This was carried 
out for all deciduous first and second molars and all permanent first, second 
and third premolars. 
Rotation: 
Rotation was defined as the angle between the antero-posterior line used for 
the determination of the arch depth and the line through the mesial and distal 
crests of individual teeth. This was calculated for the same teeth as mentioned 
for tipping. 
Arch form: 
The arch form was expressed as the outer angle between the line through the 
tip of the most posterior tooth and the tip of the deciduous first molar or its 
successor and the line through the tip of the deciduous first molar or its 
successor and midpoint. The angles were calculated for both sides of the 
dental arch. 
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3.3.5 Statistical procedures 
Individual correction factors were used for the transverse distances and arch 
depth for all the animals. Thus initial differences in size which were present 
despite randomization at the start of the study were eliminated. The distances 
PIPI and MIMI were corrected for the initial maxillary size, while the 
distances CC, P2P2, P3P3 and P4P4 were corrected for the initial values of 
the corresponding distances. 
Thereafter, multiple regression analyses were used to compare these 
variables. Tukey's multiple comparisons test was used to compare the 
variables tipping, rotation and arch form of the different groups because these 
variables did not need correction of the initial values. 
3.4 Results 
3.4.1 Wound healing 
Wound closure in group 1 took about 3 weeks after surgery while wound 
closure in group 2 needed about 7 weeks and during that period most 
membranes were sequestered. 
3.4.2 Reproducibility 
No significant systematic differences were found between the two 
independent observers for the five categories of variables, i.e. transversal 
distances, arch depths, tipping, rotation, and arch form. For the range and 
the standard errors see Table 3-1. The accuracy of the method was 
considered to be acceptable. 
3.4.3 Dental casts measurements 
The relevant results of the multiple regression analyses are presented in Table 
3-2. At the age of 12 weeks (start of the study) no significant differences 
between the groups were detected for any of the categories of variables. At 
the ages of 15, 17, 19 and 22 weeks, in general no significant differences 
were found; therefore, these data are omitted in Table 3-2. At the age of 25 
weeks all transverse distances of group 1 except for the distances of the 
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canines and several distances of group 2 were significantly smaller than in the 
control group The transverse distances of first premolars and the tip of the 
second premolars were significantly smaller for group 1 compared to group 
2 The transversal distances of the third and fourth premolars and the first 
permanent molars of group 1 and group 2 were not significantly different 
There were no significant differences in arch depth Tukey's multiple 
comparisons test resulted in a significantly smaller outer angle on the right 
side for group 1 than group 2 and the control group, indicating a unilaterally 
more omega-shaped arch form compared to both other groups All groups 
were comparable for the variables tipping and rotation 
Table 3-1 Inter-observer errors 
Variable Range Standard error 
Transversal distances 
C,P1 
P2 
P3,P4,M1 
Arch depth 
Tipping 
Rotation 
Arch form 
0 07-0 13 mm 
0 35-0 50 mm 
0 09 0 22 mm 
0 12-0 22 mm 
0 08 0 31 mm 
1 3-2 1° 
0 8-1 0° 
0 11 mm 
0 45 mm 
0 15 mm 
0 17 mm 
0 14 mm 
1 8° 
0 9° 
3.5 Discussion 
Dento alveolar development in beagle dogs was compared after palatal repair 
according to von Langenbeck's procedure with and without implantation of 
PHB-co-HV membranes The goal of implantation of the membranes was to 
create a temporary barrier, preventing the development of scar tissue 
attachment to the underlying bone by means of Sharpey's fibres and so 
overcome one of the adverse side effects of the surgery and to favour dento-
alveolar development 
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Table 3-2 Results of multiple regression analyses for comparison of transversal and 
sagittal distances in permanent dentition of experimental groups and control group at 
the age of 25 weeks after correction for initial size and width Distances are given m 
mm 
Variable С 1 2 Significant Residual 
N = 6 N = 6 N=10 difference SD 
Transversal distance 
CC tip 
CC mesial crest 
PIPI mesial crest 
PIPI tip 
PIPI distal crest 
P2P2 mesial crest 
P2P2 tip 
P2P2 distal crest 
P3P3 mesial crest 
P3P3 tip 
P3P3 distal crest 
P4P4 tip 
MIMI tip 
Arch depth (Mlmid) 
36 6 
27 4 
28 2 
31 1 
31 6 
29 6 
34 3 
34 5 
33 6 
39 5 
43 7 
49 5 
51 3 
73 9 
34 9 
26 9 
25 5 
28 5 
29 6 
26 6 
29 1 
31 3 
29 6 
36 7 
41 3 
47 7 
49 2 
73 5 
35 0 
27 7 
27 9 
31 7 
32 5 
27 7 
31 9 
33 4 
30 2 
37 1. 
42 8 
48 1 
49 5 
74 6 
ns 
ns 
1<2,C 
1<2,C 
1<2,C 
1,2<C 
1<2, 1,2<C 
К С 
1,2<C 
1,2<C 
К С 
1,2<С 
К С 
ns 
1 3 
1 1 
1 2 
1 1 
1 1 
1 3 
1 7 
1 7 
1 5 
1 3 
1 6 
1 1 
1 4 
2 2 
С = control group 
1 = experimental group 1 (von Langenbeck technique) 
2 = experimental group 2 (PHB-co-HV membranes) 
ns ρ > 0 05 
The presence of a bony palatal cleft was not essential for the aim of this 
study, as primary closure of a human palatal cleft is generally achieved by 
mucopenosteal manipulation alone, rather than by osseous surgery Like in 
the human situation, palatal closure in the dogs was performed while the 
deciduous dentition was still functioning The dogs were followed until the 
age of 25 weeks after the transition of the dentition is completed The dental 
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arch width in beagle dogs hardly increases after the age of 25 weeks as was 
shown by Wijdeveld et al. (1989). Therefore, there was no need for 
prolonged study of the dogs. 
The rate of degradation of biodegradable materials in specific in vivo 
circumstances is hard to predict as material characteristics, processing, as 
well as site of implantation and functional demands play a role (Vert et al., 
1992). For this reason, prior to the present study, Leenstra et al. (1995) 
studied the in vivo behaviour of 5 different biodegradable materials with a 
maximum of 12 weeks of submucoperiosteal implantation on the palate of 
beagle dogs. This was done because in the present study, membranes should 
remain intact for at least 12 weeks after palatal repair until transition is 
completed. They concluded that the PHB-co-HV membranes were the most 
suitable for the use on dogs in terms of mechanical properties and tissue 
response. 
In the present study, the clinical wound healing was found to be retarded 
in the areas of the PHB-co-HV membranes and most of the membranes were 
sequestered during the first 7 weeks after surgery. Obviously, migration of 
epithelial and connective tissue cells over a PHB-co-HV membrane during 
wound healing is more difficult than migration over a bony surface. Despite 
improvement of wettability and so cell adhesion of the membranes by means 
of glow discharge treatment, the cell adhesion might have been to weak to 
resist wound contraction. Retarded wound healing after implantation of poly 
(L-lactic) acid (= PLLA) membranes (Mv = 220 kg/mol) on the palate of 
dogs was also found in a study of in de Braekt et al. (1992), although in the 
latter study the membranes had a porous structure and were not treated by 
means of glow discharge. Besides differences in surface structure between 
membranes and bone, the nourishment of the cells from the bony surface 
might be inhibited by the membranes which could be a reason too for 
retarded wound healing and sequestration of the membranes. 
At the age of 25 weeks, most of the transversal distances in the von 
Langenbeck group and several transversal distances of the von Langenbeck 
group followed by implantation of PHB-co-HV membranes were significantly 
smaller compared to the control group. Membrane implantation seems to 
have only a slightly positive effect on the transverse distances of the first 
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premolars and on the transverse distance of tip of the second premolars 
compared to the von Langenbeck group. The von Langenbeck group showed 
an unilaterally more omega shaped arch form compared to both other groups. 
There were no significant differences in arch depth, tipping and rotation. 
The results of this study are generally in agreement with the findings of 
In de Braekt et al. (1993), although there were some differences. For 
example, in the present study, the transverse distances of the fourth 
premolars and de first molars of the von Langenbeck group were significantly 
smaller than in the control group while they were comparable in the study In 
the Braekt et al. (1993). The reason for these differences is not entirely clear. 
The transversal distance of the first premolars of the von Langenbeck group 
followed by implantation in our study is comparable to the control group 
while it was significantly smaller in the study of In de Braekt et al. (1993). 
The arch form of the von Langenbeck group followed by implantation was 
comparable to the control group in this study while In de Braekt et al. (1993) 
found a significantly smaller outer angle for all the experimental groups 
indicating a more omega-shaped arch form than for the control animals. So 
the use of PHB-co-HV membranes showed slightly better results than the 
PLLA membranes used by In de Braekt et al. (1993). 
From the results of this study, it was concluded that palatal surgery 
according to von Langenbeck followed by implantation by PHB-co-HV 
membranes has only a slightly less detrimental effect on dento-alveolar 
development compared with the von Langenbeck procedure only, while 
wound healing is retarded and most of the membranes were sequestered 
during the first 7 weeks after surgery. Premature loss, fracture or 
biodégradation of the membranes as described in several other studies of 
different biodegradable materials (Beumer (1993), In de Braekt et al. (1995), 
Galgut et al. (1991)) might be a reason for the less favourable dento-alveolar 
development of von Langenbeck group followed by implantation compared to 
the one of the control group. To evaluate this, a histological study of the 
wound areas after implantation of PHB-co-HV membranes is needed. 
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Healing with and without implantation 
4.1 Abstract 
The aim of this study was to evaluate the wound healing process clinically 
and histologically in growing beagle dogs after palatal repair according to 
von Langenbeck with and without implantation of membranes of a copolymer 
of poly hydroxybutyrate 80%- hydroxyvalerate 20% ( = PHB-co-HV 80/20). 
Von Langenbeck's repair was performed in 12 dogs (age 12 weeks) while 
von Langenbeck's repair followed by implantation of PHV-co-HV 
membranes was carried out in 11 dogs (age 12 weeks). Four dogs (age 12 
weeks) served as unopcrated controls. Standardized intra-oral slides of the 
palate were taken and measurements of the wound surface areas were carried 
out. Histological sections were prepared at 3 different ages. The animals 
were studied until the age of 25 weeks. It was found that wound closure after 
the von Langenbeck's procedure took about 3 weeks while the use of PHB-
co-HV membranes after von Langenbeck's repair resulted in complete wound 
closure after approximately 7 weeks after the membranes had sequestered. At 
the age of 25 weeks, the histologic results after the von Langenbeck 
procedure showed that the entire scar tissue covering the former denuded 
bony areas was attached to the bone by means of Sharpey's fibres, while 
after implantation of the membranes only local scar tissue attachment by 
means of Sharpey's fibres was found. Further research is necessary to 
develop a membrane which allows wound closure without sequestration of it. 
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4.2 Introduction 
Animal studies have been carried out to get more insight into the effects of 
surgical repair of lip, alveolus, and/or palate on facial growth. Herfert (1954, 
1956, 1958) was the first to perform experiments on beagle dogs. He 
concluded from a split mouth study on five dogs that the raising of 
mucoperiosteal flaps and leaving denuded bone exposed to the oral 
environment, resulted in maxillary growth impairment. In a series of studies 
following Herfert's design, Kremenak (1984) and Kremenak et al. (1967, 
1970) found that unilateral excision of a strip of mucoperiosteum adjacent to 
the posterior deciduous teeth resulted in maxillofacial growth inhibition. 
Wijdeveld et al. (1989, 1991) simulated palatal surgery according to von 
Langenbeck in beagle dogs of different ages in a non-bony cleft model. 
Histological evaluation showed that the composition of the palatal scar tissue 
in the experimental groups remained different from the normal 
mucoperiosteum, irrespective of the age on which surgery was performed. 
The scar tissue covering the wound areas adjacent to the posterior teeth 
lacked large blood vessels and elastic fibres, and showed a mainly transversal 
orientation of collagenous fibres. The scar tissue was attached to the 
underlying bone by Sharpey's fibres and the mucoperiosteum was continuous 
with the periodontal ligament. The combination of these factors in a growing 
animal, might result in a medially directed tensile force on the teeth, resulting 
in narrowing of the dental arch during or after transition. The authors 
suggested that prevention of scar tissue attachment to the underlying bone 
after surgery might lead to a more favourable dentoalveolar development. 
In de Braekt et al. (1992, 1993, 1995) attempted to prevent scar tissue 
attachment by separating scar tissue and palatal bone by implantation of 
biocompatible, biodegradable membranes using the experimental model of 
Wijdeveld. Premature degradation of the membranes influenced the results 
negatively but they concluded that with improvement of the material 
characteristics of the membranes, the development of Sharpey's fibres might 
be prevented. Leenstra et al. (1995) studied 5 different biodegradable 
materials and they found that membranes made from a copolymer of poly 
hydroxybutyrate 80%- hydroxyvalerate 20% ( = PHB-co-HV 80/20) seemed 
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to be suitable for prevention of development of Sharpey's fibres after von 
Langenbeck repair in dogs. 
The aim of this study was to evaluate the wound healing process 
clinically and histologically in growing beagle dogs after palatal repair 
according to von Langenbeck with and without implantation of membranes 
made from a copolymer of poly hydroxybutyrate 80%- hydroxy valerate 20% 
( = PHB-co-HV 80/20). 
4.2 Materials and methods 
4.2.1 Animals 
The experiments were performed on 27 beagle dogs. In experimental group 1 
(n = 12; age 12 weeks), palatal surgery was performed using the von 
Langenbeck technique. In experimental group 2 (n = 11; age 12 weeks), the 
von Langenbeck technique was used, followed by implantation of PHB-co-
HV (80/20) membranes. Four dogs (age 12 weeks) served as unoperated 
controls. 
4.2.2 PHB-co-HV membranes 
The PHB-co-HV membranes were prepared at the Department of Chemical 
Technology, University of Twente, The Netherlands. The material PHB-co-
HV (Marlborough Biopolymers, Cleveland, UK) had the following 
specifications: viscosity average molecular weight (M
v
) = 265 kg/mol, 
melting temperature (T
m
)= 145°C, glastransition temperature (Tg) = 0° С 
and it had a crystalline structure. The material was dissolved as 5% w/w in 
chloroform (Merck, Darmstadt, Germany). After filtration, membranes were 
cast on a glass plate in a thickness of 70-80 μπ\. After evaporation in a 
nitrogen gas atmosphere for 72 h, the films were vacuum dried at 80°C for 
48 h. The membranes were cut into samples 20 χ 80 mm. The membranes 
were treated by radio frequency glow discharge in order to improve 
wettability and cell adhesion. A compact electrodeless glow discharge 
apparatus was used (Harrick PDC-3XG; Harrick, New York, USA). The 
membranes were placed inside the pyrex sample tube of the apparatus. When 
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a vacuum of 6 7 Pa was achieved, the system was flushed with argon at a 
vacuum pressure of 20 Pa Then, the radio frequency field was turned on and 
the membranes were exposed to the glow discharge for 5 min The glow 
discharge process was considered to be a sufficient sterilization method (Baier 
et al , 1982) 
4 2 3 Surgical procedures 
Prior to surgery, the animals were premedicated with 0 5 ml Thalamonal" 
(fentanyl, 0 05 mg/ml + dropendol 2 5 mg/mi, Janssen Pharmaceutica, 
Beerse, Belgium) and 0 5 ml atropine (atropine sulphate 0 5 mg/ml) 
Subsequently, they were anaesthetized with an intra-venous injection of 30 
mg/kg Narcovet* (sodium pentobarbital 60 mg/ml, Apharmo, Arnhem, The 
Netherlands) After intubation, anaesthesia was maintained with Ethrane* 
(enflurane 15 mg/ml, Abott, Amstelveen, The Netherlands) The oral mucosa 
and the dentition were cleaned with Chlorhexidine digluconate 1 % in water 
In addition approximately 6 ml Xylocaine* (lidocaine hydrochloride 0 4 
mg/ml + adrenaline 0 0125 mg/ml, Astra Chemicals, Rijswijk, The 
Netherlands) was injected into the palatal mucopenosteum to avoid excessive 
bleeding during surgery 
In all experimental animals a standardized soft tissue defect was created 
in the medial region of the palate by incising, elevating and removing an 
lenticular mucopenosteal flap This flap extended distally from the canines to 
the region of the hard palate distally of the deciduous third molars The 
maximum width of the flap was one third of the transverse distance between 
the deciduous first molars 
Thereafter relaxation incisions reaching to the bone were made on both 
sides of the palate adjacent to the posterior teeth The remaining palatal 
mucopenosteum was elevated from the underlying bone with a small 
raspatory The major palatine neurovascular bundle was not damaged during 
the operation The soft tissue defect was closed in the midline and sutured in 
one layer with 4-0 Vicryl, leaving two areas of denuded bone adjacent to the 
dentition (Fig 4-1) In experimental group 2 the von Langenbeck procedure 
was followed by implantation of PHB co-HV-membranes The denuded bony 
areas were measured and the PHB-co-HV membranes were cut to shape with 
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a pair of scissors. Then the membranes were placed on the bone and moved 
underneath the wound margins for a few millimetres. In each wound, 2 
sutures of 4-0 Vicryl bridging the wound were used to prevent shifting of the 
membrane. The wound defect was left open to heal by secondary 
epithelialization (Fig. 4-2). 
All experimental animals were medicated preoperatively with 1 ml of 
Albipen* 15% (ampicillin anhydrate 150 mg/ml; Mycofarm, de Bilt, The 
Netherlands) and maintenance doses of 1 ml Albipen" LA (ampicillin 
anhydrate 100 mg/ml; Mycofarm, de Bilt, The Netherlands) the 2nd and 4"' 
day postoperatively. All animals received a normal diet after surgery. 
4.2.4 Clinical observations and intraoral slides 
Wound healing was clinically observed daily the first 2 weeks after surgery 
and thereafter at each photographic session. Standardized intraoral slides of 
the palate were taken in all animals at 12 weeks of age at the start of the 
study or prior to surgery and at 1, 2, 3, 5, 7, 10 and 13 weeks 
postoperatively. A Nikon F body (Nikon Corp, Tokyo, Japan) and a Medical 
Nikon Fixed focus lens (1:5.6, f = 200 mm) with close-up lens and 
integrated ring flash and Kodak Ektachrome film (200 ASA; Eastman Kodak 
Rochester, NY) were used. The reproduction ratio was 2:3. A plane intraoral 
mirror was placed behind the tuberosities of the maxilla at an angle of 45° to 
the palate. Optimal sharpness was obtained by positioning of the camera and 
two exposures were made at each occasion. For each photographic session, 
the animals were premedicated with 0.5 ml Thalamonal* (fentanyl 0.05 
mg/ml + droperidol 2.5 mg/ml) and 0.5 ml atropine* (atropine sulphate 0.5 
mg/ml). Subsequently, they were anaesthetized with an intravenous injection 
of 15 mg/kg Nesdonaf (thiopental sodium 50 mg/ml). For clinical evaluation 
of wound healing, the best of each slides on each occasion, was projected and 
enlarged to trace the contours of the wound areas on paper. Subsequently, 
they were digitized using an electronic measuring tablet (Hitachi type HDG 
11, Hitachi Seiko Ltd, Tokyo, Japan) which had a linear accuracy of 0.2 
mm. All tracings and measurements were carried out by one observer. For 
determination of the measurement error, 20 contours of wound areas were 
traced and measured twice by the same observer with a time interval of one 
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Figure 4-1 Schematic drawing of the von Langenbeck technique. After surgery 
denuded bone is present. 
Figure 4-2 Schematic drawing of the von Langenbeck technique followed by 
implantation of PHB-co-HV membranes. After surgery denuded bone is covered with 
membranes. 
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month. 
4.2.5 Histological processing 
For histologic evaluation animals of each group were killed in pairs. The 
animals operated according to von Langenbeck were killed at 14, 19 and 25 
weeks of age. Those operated according to von Langenbeck followed by 
implantation of PHB-co-HV membranes were killed at 14, 17 and 25 weeks 
of age. The controls were killed at the age of 18 and 27 weeks. Prior to 
perfusion, the animals were brought under general anaesthesia using 30 
mg/kg Narcovet' after which 0.5 mg/kg Thromboliquine* (Heparin; Organon 
Teknika, Boxtel, The Netherlands) was administered. After some minutes a 
lethal dose of Narcovet* was injected intravenously. The thorax of the animal 
was opened and the vascular system was perfused with physiologic saline via 
the arch of the aorta, followed by 4% neutral formaldehyde as a fixative. 
After perfusion the maxillae were dissected and immersed in 4% neutral 
formaldehyde for another 2 weeks. Then, they were sawed into five smaller 
blocks. Two blocks contained the left and right second premolars and the 
adjacent lateral palatal areas. Two other blocks contained the third premolars 
including the palatal areas. The last block contained the midpalatal area 
between the fourth premolars and the first molars. The blocks were 
decalcified in 20% formic acid and 5% sodium citrate, dehydrated and 
embedded in Paraplast* (Monoject Scientific, Athy, Ireland). Serial frontal 
sections of 7 μτη were prepared. For general tissue survey, sections were 
stained with haematoxylin and eosin. Five sections from each block with a 
spacing of 175 μιτι were stained according to Weigert-von Gieson in order to 
study elastic fibre distribution. All histologic observations were carried out by 
two independent observers. 
4.2.6 Statistical analysis 
T-test was used to compare the wound surface areas between both 
experimental groups immediately after surgery and at 1, 2, 3, 5 and 7 weeks 
postoperatively. 
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4.3 Results 
4.3.1 Clinical observations 
Wound healing was completed uneventful in the von Langenbeck group and 
re-epithelialization took about 3 weeks. In the experimental group with PHB-
co-HV membranes, the first three days after implantation, the decrease of the 
wound surface area was comparable to that of the von Langenbeck group 
without implantation. Thereafter, the wound surface area increased until 
about 1 week after surgery. Parts of the wound surface had a red inflamed 
appearance. Complete wound closure took about seven weeks and during that 
period most membranes were sequestered. Palatal rugae did not develop in 
the healed areas in either group. 
The measurements of the wound surfaces had a duplicate measurement 
error of 2.0 mm2. The accuracy of the method was considered to be 
acceptable. The results of the measurements are presented in Table 4-1. 
Table 4-1 Results of t-test for comparison of wound surface 
areas of experimental groups in mm2. 
1 2 
Weeks Von Langenbeck Von Langenbeck Significant 
p.o. with PHB-co-HV difference 
n=12 n=l l 
X 
218.8 
11.2 
0 2 
0.1 
0.0 
0.0 
SD 
32.2 
8.1 
0.2 
0.2 
0.0 
0.0 
X 
240.0 
135.6 
123.0 
81.5 
10.8 
0.0 
SD 
50 4 
28.7 
32.1 
34.8 
11.2 
0 0 
ns 
2 > 1 
2 > 1 
2 > 1 
2 > 1 
ns 
ns: ρ > 0.05 
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4 3 2 Histological observations 
Control group 
The mucopenosteum in the control animals was covered with parakeratotic 
stratified squamous epithelium with many villi protruding into the underlying 
connective tissue Just beneath the epithelium, the connective tissue layer 
consisted mainly of a three-dimensional network of coarse collagen Type I 
fibres In the deeper layers sagitally oriented collagenous fibres were more 
predominant and elastic fibres were randomly distributed An expansion 
tissue was present in those layers with sagitally-onented large blood vessels 
along the whole width of the palate The major palatine artery and branches 
of the palatine nerve were found at the lateral aspect close to the bone 
In the youngest animals, at the age of 18 weeks the periosteal layer was 
thick and cell rich The palatal bone showed trabecular deposition and osteoid 
formation, active osteoblasts were found on the whole surface and in the mid-
palatal suture Bone deposition was found at the palatal as well as buccal side 
in the alveolar socket 
At the age of 27 weeks the periosteal part of the mucopenosteum 
consisted of a thin layer with some resting osteoblasts Only few thin 
collagen Type I fibres connected the fibrous layer of the mucopenosteum to 
the bone The palatal bone was of the lamellar type, no deposition was found 
The mucopenosteum was continuous with the periodontal ligament, cervical 
periodontal fibres were fanning out into the gingiva and into the deeper layers 
of the palatal connective tissue 
Von Langenbeck group 
In 14 week old dogs, 2 weeks after surgery, the epithelium was almost 
continuous at the denuded bony areas and consisted of parakeratotic stratified 
squamous epithelium The epithelium was thinner and showed fewer 
protruding villi compared to the epithelium covering the normal 
mucopenosteum The granulation tissue underneath the epithelium was 
hyperaemic and inflammatory cells were present Thin collagenous fibres, 
presumably of type III, were mainly oriented medio-laterally, traversing the 
former denuded bony areas No elastic fibres were found in the healing 
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tissue The formerly mobilized mucopenosteal flaps located in the medial 
region of the palate showed a normal appearance A thin periosteum covered 
the bone and trabecular bone deposition in the presence of active osteoblasts 
was found In the region of the former denuded bony areas, however, apart 
from osteoblastic bone deposition some local osteoclastic resorption was 
observed Simultaneous with the bone deposition, thick collagenous fibres 
were embedded in the palatal bone as Sharpey's fibres, creating a rigid 
attachment of the scar tissue to the underlying bone Collagenous fibres were 
observed in the cervical part of the periodontal ligament reaching from the 
cementum into the gingiva and palatal connective tissue In some instances, 
osteoclastic bone resorption was found in the cervico-palatal region of the 
alveolar socket 
At 19 weeks of age, the epithelial layer was somewhat thicker compared 
to earlier stages, especially in the former denuded bony areas but still thinner 
than in the control animals of the comparable age The medio-laterally 
oriented collagenous fibres were replaced by thicker fibres, but type III 
collagen was still predominant Trabecular bone deposition had decreased but 
some active osteoblasts were still present in marrow spaces Sharpey's fibres 
at the former denuded bony areas were more predominant than in the earlier 
stages of wound healing and no elastic fibres were present in the 
mucopenosteum covering these areas Cervical periodontal fibres were 
fanning out into the deeper layers of the mucopenosteum 
The situation at 25 weeks of age closely resembled the stage described 
previously The epithelial layer was still somewhat thinner in the operated 
areas than in the normal mucopenosteum The underlying connective tissue 
contained mainly transverse oriented collagenous fibres and lacked elastic 
fibres Rigid attachment of the scar tissue to the palatal bone in the region of 
the former denuded bony areas by means of Sharpey's fibres was evident 
Neither deposition nor resorption of bone was found Only resting osteoblasts 
were present Cervical periodontal fibres were fanning out from the 
cementum of the premolars to the palatal mucopenosteum and the scar tissue 
In some instances, osteoclasts were observed in the cervico-palatal region of 
the alveolar socket with corresponding bone resorption 
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Von Langenbeck with PHB-co-HV membranes 
Two weeks after surgery, the membrane was unimpaired and partly covered 
with mucopenosteum (Fig. 4-3). The bone was of a trabecular type and 
showed deposition although in some areas resorption was found. A cellular 
capsule, mainly consisting of neutrophilic granulocytes and macrophages, 
surrounded the membrane except for the uncovered area (Fig. 4-4). The 
mucopenosteum partially covering the membrane was hyperaemic and 
showed a cellular infiltrate. Ingrowth of epithelium from the edges of the 
mucopenosteum was found at the oral side of the membrane. 
At 17 weeks of age the membrane was uncovered at the lateral side of 
the palate while the medial side of the membrane was still covered with 
mucopenosteum The membrane was partly bounded by epithelium and by a 
fibrous capsule containing lymphocytes (Figs. 4-5, 4-6). Exudate was found 
at the bony side of the membrane and gingivitis had developed where the 
membrane was in contact with the gingiva. The bone consisted of lamellar 
depository bone and no osteoclastic activity was found. 
At 25 weeks of age no membrane could be found (Fig. 4-7). The 
epithelial layer was still somewhat thinner in the operated areas than in the 
normal mucopenosteum The connective tissue layer consisted mainly of a 
three-dimensional network. Rigid attachment of the scar tissue to the palatal 
bone by means of Sharpey's fibres was found in some regions of the former 
denuded bony areas. The palatal bone was of the lamellar type, and 
deposition nor resorption was found Only resting osteoblasts were present. 
4.4 Discussion 
The healing process in dogs after palatal repair according to von Langenbeck 
with and without implantation of membranes of PHB-co-HV during growth 
was studied clinically and histologically and compared with controls. The 
goal of the implantation of membranes was to create a temporary barrier, 
preventing the development of scar tissue attachment to the underlying bone 
by means of Sharpey's fibres and so to overcome one of the adverse side 
effects of surgery and to favour dento-alveolar development. 
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Figure 4-3 Two weeks after surgery (age 14 weeks), the membrane was unimpaired 
and partly covered with mucoperiosteum. В = bone, M = membrane, MP = 
mucoperiosteum. Haematoxylin and eosin, X15. 
Figure 4-4 Detail of figure 4-3, showing a cellular capsule, mainly consisting of 
neutrophilic granulocytes and macrophages, surrounded the membrane except for the 
uncovered area. С = capsule, M = membrane. Haematoxylin and eosin, X150. 
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Figure 4-5 Five weeks after surgery (age 17 weeks), the membrane was uncovered 
at the lateral side while the medial side was still covered with mucoperiosteum. В = 
bone, E = epithelium, M = membrane. Haematoxylin and eosin, X15. 
Figure 4-6 Detail of figure 4-5, the membrane was partly bounded by epithelium 
and by a fibrous capsule containing lymphocytes. С = capsule, M = membrane. 
Haematoxylin and eosin, X150. 
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Figure 4-7 Thirteen weeks after surgery (age 25 weeks), no membrane could be 
found. B= bone, MP = mucoperiosteum, Τ = tooth. Haematoxylin and eosin XI5. 
Wound healing was completed uneventfully in the von Langenbeck 
group and re-epithelialization took about 3 weeks. Histologically,the wound 
healing was comparable to the findings of Wijdeveld et al. (1991) and 
Densho (1982), the latter reporting scar tissue attachment after healing of 
wounds in which mucoperiosteum was removed and consequently palatal 
bone was exposed. The formation of bundle bone in the relaxing incision 
areas after von Langenbeck's repair, is the result of the wound healing in 
areas of denuded bone. Bundle bone can be characterized as immature bone 
and often appears in postnatal life in places where bone repair takes place 
(Ham and Cormack, 1979). 
In the von Langenbeck group followed by implantation of PHB-co-HV 
membranes, the first three days after surgery, the decrease of the wound 
surface area was comparable to that of the von Langenbeck group without 
implantation. Thereafter, the wound surface area increased until about 1 week 
after surgery. Wound closure needed about seven weeks and during that 
period parts of the wound had an inflamed appearance. The membranes were 
sequestered at some moment in this period. The reasons for re-opening of the 
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wounds might be weak adhesion of the soft tissues to the membrane surface 
compared to the forces generated by wound contraction This in spite of radio 
frequency glow discharge treatment in order to modify the surface 
characteristics of the membranes in favour of cellular behaviour (Jansen et 
al , 1991) Prior to the use of PHB-co-HV membranes in growing dogs, the 
effect of this kind of surface treatment on attachment, spreading and growth 
of fibroblasts was tested in an in vitro study It was found that treatment by 
radio frequency glow discharge of the membranes enhanced the adhesion of 
fibroblasts significantly In the present animal study, however, the effect of 
radio frequency glow discharge might be disturbed by contamination of the 
surface directly after implantation (Baier et al , 1982) This can have 
influenced the adhesion of fibroblasts to the membrane surface negatively 
Also geometric surface properties of the implant material play a role in cell 
spreading and locomotion (Den Braber et al , 1995) Unfavourable geometric 
surface properties (smooth surface) of the used membrane might also be a 
reason of weak cell-membrane adhesion The partial exposure of the 
membrane surface to the oral cavity and bio-incompatibility might be reasons 
of inflammation of the surrounding tissues finally resulting in sequestration 
However, in an earlier study of Leenstra et al (1995), in which samples of 4 
χ 8 mm of PHB-co-HV membrane were implanted submucopenosteal in 
dogs, the membranes remained in situ 12 weeks and induced very little tissue 
response In this pilot study, the exposed membrane area was relatively small 
(defect, 13 mm2) compared to exposed area in the present study (defect, 100 
mm
2) Considering these results, it is assumed that overgrowth of the exposed 
area with fibroblasts is not possible when the area exceeds a critical 
dimension On the other hand, In de Braekt et al , (1992, 1995) found wound 
closure without sequestration after implantation of porous poly (L-lactic) acid 
membranes (Mv = 220 kg/mol, thickness 110 μπι, porosity range 0 5 μΐη to 
1 0 μιτι)= PLLA) in the palate of dogs, although the healing was also 
retarded Besides different surface characteristics, early fracture of the 
membranes into several small parts was reported in the studies of In de 
Braekt et al , (1992, 1995), which might have facilitated wound closure 
The histologic findings at the age of 25 weeks after implantation in the 
present study showed rigid attachment of the scar tissue to the palatal bone by 
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means of Sharpey's fibres in some regions of the former denuded bony areas 
The connective tissue layer consisted mainly of a three dimensional network 
The palatal bone was of the lamellar type and deposition nor resorption was 
found. These result are supported by the study of in de Braekt et al. (1995) 
in which in spite of premature disintegration of PLLA-membranes, scar tissue 
attachment to the underlying bone was prevented at sites where membrane 
particles persisted. Apparently, the time needed to prevent scar tissue 
attachment, at least to some extent, by implantation of PHB-co-HV 
membranes is less than 7 weeks because the membranes were sequestered in 
this period. In spite of the loss of the membranes, the histologic results 13 
weeks after implantation showed only local scar tissue attachment by means 
of Sharpey's fibres while after the von Langenbeck procedure, the entire scar 
tissue covering the former denuded bony areas was attached by means of 
Sharpey's fibres Further research is necessary to develop a membrane which 
allows wound closure, while the membrane itself remains in situ 
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Wound healing without denudation of bone 
5.1 Abstract 
The connection of scar tissue to palatal bone by Sharpey's fibres, after cleft 
palate surgery, might lead to maxillary growth inhibition. The aim of this 
study, in beagle dogs, was to investigate the possibility of preventing the 
development of Sharpey's fibres by means of a modified surgical technique. 
In group 1, palatal repair according to von Langenbeck, was simulated. In 
group 2, palatal surgery was performed using a new partially split flap 
technique. The palates were histologically evaluated 12 weeks after surgery 
and compared with a control group. In group 1, the scar tissue was firmly 
attached to bundle bone by means of Sharpey's fibres. In group 2 and in the 
control group, this kind of attachment was not found; the bone was of the 
lamellar type. The partially split flap technique had led to the development of 
vaguely demarcated scar tissue and it had prevented, to a large extent, 
development of Sharpey's fibres. 
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5.2 Introduction 
Forty years ago, Graber (1954) reported detrimental effects of cleft palate 
repair on facial growth in humans Nowadays, surgery is considered one of 
the major factors causing disturbances in facial growth in cleft palate patients 
(Ross and Johnston, 1972, Ross, 1987a, 1987b) The management of soft 
tissues is particularly thought to be responsible for affecting maxillary 
growth The quantity and distribution of scar tissue after healing of the soft 
tissues seems to be the principal factor responsible for growth inhibition 
(Ross, 1987b) 
To elucidate the effect of palatal surgery on maxillary growth, animal 
experiments have been carried out on different species These studies 
sometimes show conflicting results Sarnat (1958), for example, did not find 
facial growth inhibition after elevation and excision of a strip of palatal 
mucopenosteum in Macaca rhesus monkeys In a series of studies, Bardach 
and co-workers (Bardach and Kelly, 1988, Bardach et al , 1988) created 
unilateral soft and hard tissue defects in the lip, alveolus, and palate of 
rabbits and beagle dogs Growth aberrations were found after surgical repair 
of the lip and palate, or after lip closure alone Bardach (1990) concludes 
from his series of studies that lip closure results in an increase of lip 
pressure, which could be an important factor in craniofacial growth 
aberration This is supported by Dixit et al (1992) who, using the same 
experimental design, found that early repair of palatal defects in 8-week-old 
beagles with oral mucosa or mucopenosteal flaps, did not inhibit maxillary 
growth These animals, however, were followed for only twelve weeks rather 
than to the end of the growth period, nor was the shedding of the teeth 
completed at the end of the study 
On the other hand, Herfert (1954, 1956, 1958) concluded from a split 
mouth study on five beagle dogs that the raising of palatal mucopenosteum 
and the presence of denuded palatal bone after palatoplasty resulted in 
maxillary growth impairment In a series of studies following Herfert's 
design, Kremenak et al (1967, 1970) and Kremenak (1984) found that 
unilateral excision of a strip of mucopenosteum adjacent to the posterior 
deciduous teeth resulted in inhibition of maxillary growth The split mouth 
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design, however, has several disadvantages. 
In the studies of Wijdeveld et al. (1989, 1991), palatal surgery according 
to von Langenbeck was simulated in beagle dogs of different ages in a 
nonbony cleft model. It resulted in a narrowing of the dental arch, which 
became apparent only after shedding of the teeth. This was in contrast with 
the arch development in control animals, where the posterior teeth tended to 
displace laterally during growth. Histologic evaluation showed that the 
composition of the scar tissue in the experimental groups remained different 
from the normal mucoperiosteum, irrespective of the age at which surgery 
was performed. The scar tissue covering the lateral wound areas adjacent to 
the posterior teeth lacked large blood vessels and elastic fibres and showed a 
mainly transversal orientation of collagenous fibres. The scar tissue was also 
attached to the underlying bone by Sharpey's fibres. Furthermore, it was 
noticed that the mucoperiosteum was continuous with the periodontal 
ligament. These factors might result in a tensile force in a medial direction on 
the teeth in dogs that were operated on. These authors suggested that 
prevention of scar tissue attachment to the underlying bone might lead to a 
more favourable dento-alveolar development. 
Prevention of this attachment might be accomplished by separation of 
scar tissue and bone by implantation of membranes or by modifying the 
technique of palatal repair. Using the experimental model of Wijdeveld, In de 
Braekt (1992) attempted to prevent the development of Sharpey's fibres with 
the use of biocompatible, biodegradable membranes. Premature degradation 
of the membranes influenced the results, but with improvement of those 
membranes the development of Sharpey's fibres might be prevented. It 
remains to be elucidated whether or not growth inhibition could be prevented 
by membrane implantation. 
Another way of preventing scar tissue attachment, namely, modifying 
the surgical technique, is the subject of this study. The aim was to compare 
the development of Sharpey's fibres after two different techniques of palatal 
repair. Closure of a mucoperiosteal palatal cleft in beagle dogs was 
performed either by simulating the von Langenbeck technique or by using a 
modified partially split flap technique, by which denudation of palatal bone is 
avoided. The latter technique is a combination of a mucosal palatal flap 
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technique as used by Perko (1974) and the von Langenbeck technique. The 
major palatine neurovascular bundle was displaced with the flap, in order to 
provide a good vascularization of the flap. This is in contrast with the 
mucosal palatal flap technique, in which the greater palatine artery remains in 
situ. For this reason, the risk of necrosis, which Perko (1974) considered one 
of the disadvantages of his technique, is decreased. The results of these 
techniques were evaluated histologically and compared with a control group. 
5.3 Materials and methods 
5.3.1 Animals 
The experiments were performed on eight beagle dogs. In two dogs (age 6 
months) palatal repair according to von Langenbeck was simulated as 
previously described by Wijdeveld et al. (1991). In four dogs (age 18 
months) palatal surgery was performed using a partially split flap technique. 
Two young adult dogs served as controls. In all dogs the permanent dentition 
was completed. 
5.3.2 Surgical procedures 
Prior to the surgical procedures, the animals were premedicated with 0.5 ml 
Thalamonal" (fentanyl, 0.05 mg/ml + droperidol 2.5 mg/mi; Janssen 
Pharmaceutica, Beerse, Belgium) and 0.5 ml atropine (atropine sulphate 0.5 
mg/ml). Subsequently, they were anaesthetized with an intravenous injection 
of 30 mg/kg Narcovet* (sodium pentobarbital 60 mg/ml; Apharmo, Arnhem, 
The Netherlands). After intubation, anaesthesia was maintained with Ethrane* 
(enflurane 15 mg/ml; Abott, Amstelveen, The Netherlands). The oral mucosa 
and the dentition were cleaned with Chlorhexidine digluconate 1 % in water. 
In addition approximately 6 ml Xylocaine* (lidocaine hydrochloride 0.4 
mg/ml + adrenaline 0.0125 mg/ml; Astra Chemicals, Rijswijk, The 
Netherlands) was injected into the palatal mucoperiosteum to avoid excessive 
bleeding during surgery. 
In all experimental animals, a soft tissue defect was created in the 
medial region of the palate by incising, elevating and removing an 
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Figure 5-1 Schematic drawing of the simulated von Langenbeck technique resulting 
in denuded bony areas. 
Figure 5-2 Schematic drawing of the partially split flap technique. After surgery no 
denuded bone is present. 
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elliptically-shaped mucoperiosteal flap. This flap extended from a line just 
behind the canines to the dorsal margin of the hard palate. The maximum 
width of the flap was one-third of the transverse distance between the fourth 
premolars. 
In the dogs in which palatal repair according to von Langenbeck was 
simulated, relaxation incisions were made on both sides of the palate adjacent 
to the posterior teeth, and the remaining palatal mucoperiosteum was elevated 
from the underlying bone with a small raspatory. The major palatine 
neurovascular bundle was not damaged during the operation. The soft tissue 
defect was closed in the midline and sutured in one layer with 4-0 Vicryl, 
leaving two areas of denuded bone adjacent to the dentition (Fig. 5-1). 
In the dogs in which the defect was closed using a partially split flap 
technique, the mucoperiosteum was elevated from the medial side of the bone 
to localize the greater palatine foramen and the major palatine neurovascular 
bundle in order to prevent its damage during surgery. On both sides of the 
palate adjacent to the posterior teeth, the mucoperiosteum was incised for half 
of its thickness. These incisions reached from canine to permanent second 
molar. Horizontal cleavage of the mucoperiosteum was then performed from 
the lateral side in the medial direction, until the split area was at least half the 
size of the soft tissue defect in the midline. On the medial side of the split 
area, a vertical incision was made in the lower layer of the mucoperiosteum 
reaching to the bone. Subsequently, the mucoperiosteum was mobilized and 
replaced medially, and the soft tissue defect was closed and sutured in one 
layer with 4-0 Vicryl. The areas of the palate adjacent to the dentition thus 
remained covered with the bone-related layer of the mucoperiosteum (Fig. 5-
2). 
All experimental animals were medicated preoperatively with 1 ml of the 
antibiotic Albipen* 15% (ampicillin anhydrate 150 mg/ml; Mycofarm, de 
Bilt, The Netherlands) and maintenance doses of 1 ml Albipen" LA 
(ampicillin anhydrate 100 mg/ml; Mycofarm, de Bilt, The Netherlands) were 
given the 2nd and 4'h day postoperatively. All animals received a normal diet 
after surgery. 
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5.3.3 Histologic processing 
For the histologic evaluation, all animals were killed 12 weeks after surgery. 
Prior to perfusion, the animals were brought under general anaesthesia using 
30 mg/kg Narcovet* after which 0.5 mg/kg Thromboliquine* (heparin; 
Organon Teknika, Boxtel, The Netherlands) was administered. After some 
minutes a lethal dose of Narcovet* was injected intravenously. The thorax of 
the animal was opened and the vascular system was perfused with physiologic 
saline via the arch of the aorta, followed by 4% neutral formaldehyde as a 
fixative. 
After perfusion, the maxillae were dissected and immersed in 4% neutral 
formaldehyde for another two weeks. Then, they were sawn into five smaller 
blocks. Two blocks contained the left and right second premolars and the 
adjacent lateral palatal areas. Two other blocks contained the third premolars 
including the palatal areas. The last block contained the midpalatal area 
between the fourth premolars and the first molars. The blocks were 
decalcified in 20% formic acid and 5% sodium citrate, dehydrated and 
embedded in Paraplasf* (Monoject Scientific, Athy, Ireland). Serial frontal 
sections of 7 μιτι were prepared. For general tissue survey, sections were 
stained with haematoxylin and eosin. Five sections from each block with a 
spacing of 175 дш were stained according to Goldner's modification of 
Masson's staining for collagenous fibres (Burck, 1973), Herovici's (Herovici, 
1963) polychrome staining for the study of young (Type III) and old (Type I) 
collagen (Levarne and Meyer, 1987), and the Weigert-Van Gieson (Lillie, 
1965) staining to study elastic fibres. All histologic observations were carried 
out by two independent observers. A 4-point semi-quantitative scale (none, 
few, moderate, many) was used to categorize the number of Sharpey's fibres. 
5.4 Results 
In the control animals, the palatal bone was covered with stratified squamous 
epithelium which was parakeratotic. Many villi protruded into the underlying 
connective tissue. Just underneath the epithelium, the fibrous connective 
tissue, containing many coarse collagen Type I fibres, formed a three-
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Figures 5-3ab Border between the palatal bone and the mucoperiosteum in a 
control animal. The mucoperiosteum is connected to the bone by a few thin Sharpey 's 
fibres. В = bone, M = mucoperiosteum, SF = Sharpey's fibres, BV = blood vessel, 
a) Haematoxylin and Eosin, XI60. b) polarization microscopy of area 3a, XI60. 
dimensional network. In the deeper layers of the connective tissue, sagitally-
oriented collagenous fibres became more predominant, and elastic fibres were 
randomly distributed. Here an expansion tissue was present with sagitally-
oriented large blood vessels along the whole width of the palate. Between 
those blood vessels, the major palatine artery and branches of the palatine 
nerve were found at the lateral aspect close to the bone. The periosteal part 
of the mucoperiosteum consisted of a thin layer with some resting 
osteoblasts. Only a few thin collagen Type I fibres connected the fibrous 
layer of the mucoperiosteum to the palatal bone (Fig. 5-3). The palatal bone 
was of the lamellar Type, no deposition was found. The palatal 
mucoperiosteum was continuous with the periodontal ligament; cervical 
periodontal fibres were fanning out into the gingiva and the deeper layers of 
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Figures 5-4ab Border between the palatal bone and the mucoperiosteum in an 
animal in which palatal repair according to von Langenbeck is simulated. The 
mucoperiosteum is attached to the bone by thick Sharpey 's fibres. В = bone, SF = 
Sharpey's fibres, S = scar tissue, a) Haematoxylin and Eosin, XI60. b) polarization 
microscopy of area 4a, XI60. 
the palatal connective tissue. In the more apical region of the socket these 
fibres connected the tooth to the alveolar bone. Neither deposition nor 
resorption of alveolar bone was found. 
In the animals, in which palatal repair according to von Langenbeck was 
simulated, scar tissue was found in the lateral operation areas and in the 
medial suturing area. In these areas, the epithelium seemed to be somewhat 
thinner and lacked villi, the connective tissue showed thinner, probably Type 
III, collagenous fibres and the absence of elastic fibres was evident. The 
structure of the mucoperiosteum and the palatal bone in other areas was 
similar to the control animals. The system of blood vessels and the major 
palatine arteries and nerves were displaced medially with the displaced 
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Figure 5-5 Low-power photomicrograph of the mucoperiosteum 12 weeks after 
surgery according to the partially split flap technique. The area close to the bone has 
not been mobilized. The scar tissue is vaguely demarcated. В = bone, S = scar 
tissue, E = epithelium. Herovici staining, X25. 
mucoperiosteum. A very thin osteogenic layer covered the palatal bone in 
most places. It consisted of a few inactive osteoblasts and some thin 
collagenous fibres inserted into the palatal bone. 
The mucoperiosteum and the bone in the scar tissue areas, however, 
were different. In those areas many thick collagen Type I fibres penetrated 
into the palatal bundle bone as Sharpey's fibres, thus creating an attachment 
of the scar tissue to the bone (Fig. 5-4). The periodontal ligament showed an 
attachment between the teeth and the gingiva, the mucoperiosteal connective 
tissue, and the alveolar bone. 
In the dogs in which a partially split flap technique was used, the 
superficial mucoperiosteal layer in the lateral operation areas consisted of 
scar tissue. The deeper palatal layer appeared to be normal. In the medial 
incision area, scar tissue was also found. The epithelium in the scar tissue 
areas seemed to be somewhat thinner and it lacked villi. A layer of scar 
tissue was also found between the deeper and the displaced superficial layers 
of the mucoperiosteum. The demarcation of the scar tissue was, however, 
rather vague (Figs. 5-5, 5-6). The structure of the mucoperiosteum in other 
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Figure 5-6 Detail of figure 5-5 showing the blood vessels in the deeper layers of the 
mucoperiosteum. В = bone, S = scar tissue, BV = blood vessel. Herovici staining, 
X100. 
areas was similar to the control animals (Fig. 5-7). The system of large blood 
vessels and the major palatine arteries and nerves were displaced medially, 
however, large blood vessels were still present in the deeper layer in the 
lateral operation areas. The palatal bone was of the lamellar type without 
resting lines. A very thin osteogenic layer covered the palatal bone in most 
places. It consisted of a few inactive osteoblasts and the fibrous layer was 
connected to the palatal bone by few thin collagen Type I fibres. The 
periodontal ligament of the teeth adjacent to the lateral operation areas did 
not differ from the other groups. 
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Figures 5-7ab Border between the palatal bone and the mucoperiosteum in an 
animal in which the partially split flap technique has been used. The situation is 
comparable to the control animal. В = bone, M = mucoperiosteum. a) 
Haematoxylin and Eosin, XI60. b) polarization microscopy of area 7a, X160. 
5.5 Discussion 
Healing of palatal mucoperiosteum after two different techniques of palatal 
surgery was studied histologically and compared with controls. The presence 
of a bony palatal cleft was not essential for the aim of the study, because the 
closure of a human palatal cleft is generally achieved by mucoperiosteal 
manipulation alone, rather than by osseous surgery. The differences in age of 
the dogs were not important as growth was not studied. Furthermore, earlier 
studies in beagle dogs have shown that tissue reactions after palatal surgery 
performed at different ages are highly comparable (Wijdeveld et al., 1991). 
At the time of killing, all dogs were young adults with permanent dentitions. 
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The histologic findings after palatal repair according to the von 
Langenbeck technique are in agreement with the findings of Wijdeveld et al. 
(1991). The formation of bundle bone, in the lateral operation areas in the 
dogs in which palatal repair according to von Langenbeck was performed, is 
the result of the wound healing in areas of denuded bone. Bundle bone can be 
characterized as immature bone and often appears in postnatal life, in places 
where bone repair takes place (Ham and Cormack, 1979), as is the case in 
denuded bony areas. 
With the partially split flap technique as used in this study, no uncovered 
bony surface on the lateral side of the palate remained after surgery. Apart 
from vaguely demarcated scar tissue, the other histologic features of the 
tissues after surgery, using a partially split flap technique, closely resemble 
those of the controls. 
If the partially split flap technique is compared with the von Langenbeck 
technique, which is commonly used in human cleft palate repair, it appears 
that the latter technique is relatively easy to perform and is not time 
consuming. The risk of damaging the major palatine neurovascular bundle or 
the risk of tissue necrosis is low. Compared with the von Langenbeck 
technique, palatal repair using a partially split flap technique is more 
complicated, because of the cleavage of the mucoperiosteum. The greater 
palatine foramen and the major palatine neurovascular bundle should be 
localized before cleavage of the mucoperiosteum to reduce the risk of 
damaging the neurovascular bundle. The risk of necrosis of the deeper 
mucoperiosteal layer at the lateral sides of the palate is minimal, because of 
vascularization originating from lateral areas. A good vascularization of the 
medially displaced flap is provided because the major palatine neurovascular 
bundle is displaced with the flap. This is in contrast to the mucosal flap 
technique as described by Perko (1974), in which the flaps are separated 
from the periosteum, allowing the greater palatine artery to remain in situ. 
This means that the risk of necrosis, which Perko (1974) considered one of 
the disadvantages of the palatal mucosal flap technique, is reduced with the 
partially split flap technique. 
The present results indicate an absence of Sharpey's fibres after palatal 
repair using a partially split flap technique in contrast to palatal repair 
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simulated according to von Langenbeck Furthermore, the palatal bone, after 
palatal repair using a partially split flap technique, is completely normal 
Whether this will have a beneficial effect on dento-alveolar development 
remains to be investigated As the present study shows that prevention of the 
development of Sharpey's fibres is possible, a longitudinal study on dento-
alveolar development in beagle dogs operated at the age of 12 weeks, is 
currently in progress 
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Palatal surgery without denudation of bone 
6.1 Abstract 
The present study compared the dento-alveolar development in beagle dogs 
after palatal repair according to the partially split flap technique and the von 
Langenbeck method. It was concluded that palatal surgery according to the 
partially split Пар technique resulted in significantly wider transverse 
distances of the maxillary dental arch than after the von Langenbeck 
procedure and that its final outcome closely resembled that of the control 
group. 
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6.2 Introduction 
The facial morphology of patients with cleft lip and palate differs from the 
non-cleft population (Ross, 1987a). This is caused by three main factors: 
intrinsic developmental deficiencies, functional distortions, and iatrogenic 
factors. The last factors are considered to be the major reason for midface 
hypoplasia in patients treated for clefts (Ross, 1987a). The quantity and 
distribution of scar tissue which develops as a result of the surgical soft tissue 
management are probably responsible for this phenomenon (Ross, 1987b). 
Several experimental animal studies have been carried out to get more 
insight into the effects of repair of lip, alveolus, and/or palate on facial 
growth. Herfert (1954, 1956, 1958) was the first to perform experiments on 
beagle dogs. He concluded from a split mouth study on five dogs that the 
raising of mucoperiosteal flaps and leaving denuded bone exposed to the oral 
environment, resulted in maxillary growth impairment. In a series of studies 
following Herfert's design, Kremenak el al. (1967, 1970) and Kremenak 
(1984) found that unilateral excision of a strip of mucoperiosteum adjacent to 
the posterior primary teeth resulted in maxillofacial growth inhibition. 
Bardach and co-workers (Bardach and Kelly 1988; Bardach et al., 1988; 
Bardach 1990) created unilateral soft-tissue and hard-tissue defects in the lip, 
alveolus, and palate of rabbits and beagle dogs. Growth aberrations were 
found after surgical repair of the lip and palate, or after lip closure alone. 
Wijdeveld et al. (1989, 1991) simulated palatal surgery according to von 
Langenbeck in beagle dogs of different ages in a nonbony cleft model. Their 
surgical approach resulted in a narrowing of the posterior dental arch which 
became apparent only after transition of the teeth. This was in contrast with 
the arch development in control animals, where the posterior teeth tended to 
displace laterally during growth. Histologic evaluation showed that the 
composition of the palatal scar tissue in the experimental groups remained 
different from the normal mucoperiosteum, irrespective of the age at which 
surgery was performed. The scar tissue covering the lateral wound areas 
adjacent to the posterior teeth lacked large blood vessels and elastic fibres, 
and showed a mainly transversal orientation of collagenous fibres. The scar 
tissue was also attached to the underlying bone by Sharpey's fibres, and the 
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mucopenosteum was continuous with the periodontal ligament. The 
combination of these factors in a growing animal, might result in a medially 
directed tensile force on the teeth, resulting in narrowing of the dental arch 
during or after transition. The authors suggested that prevention of scar tissue 
attachment to the underlying bone after surgery might lead to a more 
favourable dento-alveolar development. 
Using the experimental model of Wijdeveld, In de Braekt et al. (1992, 
1995) attempted to prevent scar tissue attachment by separating scar tissue 
and palatal bone by implantation of biocompatible and biodegradable 
membranes. Premature degradation of the membranes influenced the results 
negatively but by improvement of the material characteristics of the 
membranes, the development of Sharpey's fibres might be prevented. It 
remains still to be proven that membrane implantation precludes growth 
inhibition. 
Apart from the use of biodegradable membranes, scar tissue attachment 
by Sharpey's fibres may also be prevented by modification of the surgical 
technique of palatal repair. Leenstra et al. (1995) developed a partially split 
flap technique to prevent denuded bony areas after surgery (Fig. 6-1). This 
technique is a combination of the mucosal palatal flap technique as used by 
Perko (1974) and the von Langenbeck technique. A study on beagle dogs 
found that, in contrast to the von Langenbeck procedure, the partially split 
flap technique largely prevented the development of Sharpey's fibres. The 
scar tissue in the lateral parts of the palate of the latter group was demarcated 
only vaguely and the palatal bone consisted of normal lamellar bone. 
The aim of this study was to compare the dento-alveolar development in 
beagle dogs after palatal repair according to the partially split flap technique 
and that of von Langenbeck. 
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6.3 Materials and methods 
6.3.1 Animals 
The experiments were performed on 22 beagle dogs. In experimental group 1 
(n = 10; age 12 weeks), palatal surgery used the partially split flap 
technique. In experimental group 2 (n = 6; age 12 weeks), palatal repair 
according to von Langenbeck was simulated as previously described by 
Wijdeveld et al. (1989). Six dogs (age 12 weeks) served as controls. 
6.3.2 Surgical procedures 
Prior to the surgical procedures, the animals were premedicated with 0.5 ml 
Thalamonaf (fentanyl, 0.05 mg/ml plus droperidol 2.5 mg/mi; Janssen 
Pharmaceutica, Beerse, Belgium) and 0.5 ml atropine (atropine sulphate 0.5 
mg/ml). Subsequently, they were anaesthetized with an intravenous injection 
of 30 mg/kg Narcovet* (sodium pentobarbital 60 mg/ml; Apharmo, Arnhem, 
The Netherlands). After intubation, anaesthesia was maintained with Ethrane* 
(enflurane 15 mg/ml; Abott, Amstelveen, The Netherlands). The oral mucosa 
and the dentition were cleaned with Chlorhexidine digluconate 1 % in water. 
In addition approximately 6 ml Xylocaine* (lidocaine hydrochloride 0.4 
mg/ml plus adrenaline 0.0125 mg/ml; Astra Chemicals, Rijswijk, The 
Netherlands) was injected into the palatal mucoperiosteum to avoid excessive 
bleeding during surgery. 
In all experimental animals a standardized soft-tissue defect was created 
in the medial region of the palate by incising, elevating and removing an 
elliptically-shaped mucoperiosteal flap. This flap extended distally from the 
canines to the region of the hard palate distally of the primary third molars. 
The maximum width of the flap was one-third of the transverse distance 
between the primary first molars. 
In the dogs in which surgery was performed by the partially split flap 
technique (Fig. 6-1), the mucoperiosteum was elevated from the medial side 
of the bone to localize the greater palatine foramen and the major palatine 
neurovascular bundle in order to prevent its damage during surgery. On both 
sides of the palate adjacent to the posterior teeth, the mucoperiosteum was 
incised for half of its thickness. These incisions reached from canine to 
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Figure 6-1 Schematic drawing of partially split flap technique. After surgery, no 
denuded bone is present. 
Figure 6-2 Schematic drawing of simulated von Langenbeck technique resulting in 
denuded bony areas. 
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primary third molar. Horizontal cleavage of the mucoperiosteum was then 
performed in a medial direction, until the split area was at least half the size 
of the soft-tissue defect in the midline. A vertical incision was then made in 
the deep layer of the mucoperiosteum reaching to the bone. Subsequently, the 
medial part of the mucoperiosteum was mobilized in full thickness. The 
partially split flaps were repositioned medially, and the soft-tissue defect was 
closed and sutured in one layer with 4-0 Vicryl. The areas of the palate 
adjacent to the dentition thus remained covered with the deep layer of the 
mucoperiosteum. No additional protection of the wounds or measures to 
adapt the flaps to the underlayer were used. 
In the dogs in which palatal repair according to von Langenbeck was 
simulated (Fig. 6-2), relaxation incisions reaching to the bone were made on 
both sides of the palate adjacent to the posterior teeth, and the remaining 
palatal mucoperiosteum was elevated from the underlying bone with a small 
raspatory. The major palatine neurovascular bundle was not damaged during 
the operation. The soft-tissue defect in the midline was closed and sutured in 
one layer with 4-0 Vicryl, leaving two areas of denuded bone adjacent to the 
dentition. 
All experimental animals were medicated preoperatively with 1 ml of 
Albipen* 15% (ampicillin anhydrate 150 mg/ml; Mycofarm, de Bilt, The 
Netherlands) and maintenance doses of 1 ml Albipen® LA (ampicillin 
anhydrate 100 mg/ml; Mycofarm, de Bilt, The Netherlands) on days 2 and 4 
postoperatively. All animals received a normal diet after surgery. 
6.3.3 Dental casts 
Alginate impressions (CA 37'; Cavex, Haarlem, The Netherlands) of the 
maxilla of all animals were taken at 12 weeks of age at the start of the study 
or prior to surgery, and at 15, 17, 19, 22, and 25 weeks of age. For this 
purpose, the animals were premedicated each time with 0.5 ml Thalamonal* 
(fentanyl 0.05 mg/ml plus droperidol 2.5 mg/ml) and 0.5 ml atropine 
(atropine sulphate 0.5 mg/ml). Subsequently, they were anaesthetized with an 
intravenous injection of 15 mg/kg Nesdonal* (thiopental sodium 50 mg/ml). 
The alginate impressions were poured out within 2 h. 
The following measuring points were defined on the dental casts for the 
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Figure 6-3 Schematic drawing of Figure 6-4 Schematic drawing of 
maxillary deciduous dentition with maxillary permanent dentition with 
measuring points. measuring points. 
primary as well as for the permanent dentition (Figs. 6-3 and 6-4): 
Midpoint (= mid) : midpoint between the central incisors 
Tip points : tips of the right and left canines; primary first, second, 
and third molars; permanent first, second, third, and 
fourth premolars; permanent first molars 
Crest points : mesial and distal crests at gingival margin of right and 
left primary first and second molars; permanent first, 
second and third premolars. 
The coordinates of the measuring points were digitized with a Reflex 
Microscope" (Reflex Measurement, London, UK). Inevitably, due to the 
transition period, some measuring points were missing at some ages. All 
series of dental casts were measured by one observer. For determination of 
the measurement error, 35 dental casts were digitized by two independent 
observers. The coordinates of the measuring points in the primary and 
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permanent dentition were used to calculate the following categories of 
variables. 
Transversal distances. These were the sum of the perpendicular distances 
from the tips of corresponding left and right teeth to the line between 
midpoint and the midpoints of the lines between the tips of the right and left 
primary third molars or, if available, the right and left permanent first 
molars. 
Arch depths. These were distances between midpoint, and the midpoints of 
the lines between the tips of the right and left primary third molars or, if 
available, the right and left permanent first molars. 
Tipping. Tipping was calculated as the distance of the projection of the tip of 
a certain tooth to the line between the mesial and distal crests of the same 
tooth. It was also recorded, whether teeth tipped palatally or buccally. This 
was carried out for all primary first and second molars and all permanent 
first, second and third premolars. 
Rotation. Rotation was defined as the angle between the anteroposterior line 
used for the determination of the arch depth and the line through the mesial 
and distal crests of individual teeth. This was calculated for the same teeth as 
mentioned for tipping. 
Arch form. The arch form was expressed as the outer angle between the line 
through the tip of the most posterior tooth and the tip of the primary first 
molar or its successor, and the line through the tip of the primary first molar 
or its successor and midpoint. The angles were calculated for both sides of 
the dental arch. 
6.3.4 Statistical procedures 
Individual correction factors were used for the following categories of 
variables: transversal distances, and arch depths for all the animals. Thus 
were eliminated initial differences in size which were present despite 
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randomization at the start of the study Thereafter, multiple regression 
analyses were used to compare these variables with the Bonferoni correction, 
leading to a - 0 025 per test Tukey's multiple comparisons test was used to 
compare the variables tipping, rotation, and arch form of the different groups 
because these variables did not need correction of the initial values 
6.4 Results 
6 4 1 Reproducibility 
No significant systematic differences were found between the two 
independent observers for the five categories of variables, ι e , transversal 
distances, arch depths, tipping, rotation, and arch form For the range and 
the standard errors, see Table 6-1 The accuracy of the method was 
considered to be acceptable 
Table 6-1 lnter-observer errors 
Variable Range Standard error 
Transversal distances 
C,P1 
P2 
P3,P4,M1 
Arch depth 
Tipping 
Rotation 
Arch form 
0 07-0 13 mm 
0 35 0 50 mm 
0 09 0 22 mm 
0 12-0 22 mm 
0 08-0 31 mm 
13-2 1° 
0 8-1 0° 
0 11 mm 
0 45 mm 
0 15 mm 
0 17 mm 
0 14 mm 
1 8° 
0 9° 
6 4 2 Dental casts measurements 
The relevant results of the multiple regression analyses are presented in Table 
2 At the age of 12 weeks, at the start of the study, no significant differences 
between the groups were detected for any of the categories of variables, 
except for tipping of the primary first molar on the left side, which had more 
tip in group 2 than in group 1 At ages of 15, 17, 19 and 22, in general, no 
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significant differences were found; therefore, these data are omitted in Table 
6-2. At the age of 25 weeks, the transversal distances of group 2 were, in 
general, significantly smaller than in both group 1 and the control group. 
Group 1 had a significantly larger arch depth than the control group. In 
comparison of the variable arch form, Tukey's multiple comparisons test 
resulted in a significantly smaller outer angle for group 2 than group 1, 
indicating a more omega-shaped arch form than for group 1. All groups were 
Table 6-2 Results of multiple regression analysis for comparison of transversal and 
sagittal distances in permanent dentition of experimental groups and control group at 
age of 25 weeks. Distances are given in mm. Differences are given at P< 0.025 
level. 
Variable 
Transversal distance: 
CC tip 
CC mesial crest 
PIPI mesial crest 
PIPI tip 
PIPI distal crest 
P2P2 mesial crest 
P2P2 tip 
P2P2 distal crest 
P3P3 mesial crest 
P3P3 tip 
P3P3 distal crest 
P4P4 tip 
С 
n = 6 
35.3 
26.8 
27.5 
30.5 
30.8 
28.6 
33.0 
33.1 
32.4 
38.5 
42.3 
48.5 
1 
n=10 
36.5 
27.5 
28.6 
31.9 
32.4 
29.0 
32.8 
34.2 
29.4 
36.4 
43.1 
48.9 
2 
n = 6 
33.9 
26.1 
24.4 
27.5 
28.7 
25.6 
28.1 
29.8 
28.7 
35.6 
40.3 
46.4 
Significant 
Difference 
1>2 
1>2 
1,C>2 
1,C>2 
1,C>2 
1,C>2 
1,C>2 
1,C>2 
C > 2 
C>1,2 
1>2 
1,C>2 
Residual 
SD 
1.6 
0.8 
1.2 
1.1 
1.2 
1.1 
1.7 
1 4 
2.0 
1.0 
1.6 
1.4 
MIMI tip 50.3 49.9 48.3 C > 2 1.4 
Arch depth (Mlmid) 71.9 75.5 72.3 1>2 2.2 
1 = experimental group 1 (partially split flap technique) 
2 = experimental group 2 (von Langenbeck technique) 
С = control group 
100 
Palatal surgery without denudation of bone 
comparable for the variables tipping and rotation. 
6.5 Discussion 
Dento-alveolar development in growing beagle dogs was compared after 
palatal repair according to the partially split flap technique and according to 
von Langenbeck's procedure. The presence of a bony palatal cleft was not 
essential for the aim of the study, as primary closure of a human palatal cleft 
is generally achieved by mucoperiosteal manipulation alone, rather than by 
osseous surgery. The essential difference between the two surgical techniques 
used in the present study, is that the von Langenbeck procedure results in 
areas of denuded bone adjacent to the posterior teeth, while denuded bone is 
avoided with the partially split flap technique. 
Wound healing after surgery was without any problems in both 
experimental groups. This supports the results of an earlier study by Leenstra 
et al. (1995) which stated that in both techniques the risk of flap-necrosis is 
almost nil, if correctly performed. 
As in man, palatal closure in the dogs was performed when the primary 
dentition was still functioning. The dogs were followed until the age of 25 
weeks when the transition of the dentition is completed. The dental arch 
width in beagle dogs hardly increases after the age of 25 weeks as was shown 
by Wijdeveld et al. (1989). Therfore, there was no need to study the dogs 
after the age of 25 weeks. 
At the age of 25 weeks, transversal distances in the partially split flap 
technique group and the control group were, in general, significantly larger 
than in the von Langenbeck group (Fig. 6-5). The other variables of both 
groups were comparable. The results for the von Langenbeck group are 
comparable to those in other studies (In de Braekt et al., 1995; Wijdeveld et 
al. 1989), although there were some differences. For example, in the present 
study, the transversal width in the area of the first permanent molars after 
simulated von Langenbeck surgery was significantly smaller than in the 
control animals. This is in contrast to the results of In de Braekt el al. (1995) 
but it resembles the results of the von Langenbeck group operated at the age 
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Figure 6-5 A) Dental cast of control dog at age of 25 weeks. B) Dental cast of dog 
at age of 25 weeks of partially split flap group. C) Dental cast of dog at age of 25 
weeks of von Langenbeck group. Omega shape of arch is more pronounced. 
of 16 weeks, as described by Wijdeveld et al. (1989). Dixit et α/.(1992) 
found no inhibition of maxillary growth after repair of palatal defects in 8-
week-old beagle dogs, apparently in contrast to our results. In their study, 
however, the dogs were followed only until the age of 20 weeks, meaning 
that at the end of their study the transition of the teeth was not yet completed 
and growth was still continuing. As shown in the present study, the effect of 
palatal surgery becomes apparent only at the age of 25 weeks. 
Earlier studies (Wijdeveld et al., 1989; 1991), suggested that prevention 
of scar tissue attachment to the underlying bone might lead to more 
favourable dento-alveolar development. For this reason, the partially split flap 
technique was designed, which has been shown to cause less scar tissue with 
no attachment to the underlying bone (Leenstra et al., 1995). This may 
explain the present findings that palatal surgery according to the partially split 
flap technique leads to normal transverse development of the maxillary dental 
arch. 
The results of this study show that palatal surgery in which no 
denudation of palatal bone takes place favours dento-alveolar development in 
dogs. 
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Healing with and without denudation 
7.1 Abstract 
The aim of this study was to evaluate the wound healing process clinically 
and histologically in beagle dogs after palatal repair during growth according 
to the partially split flap technique and the von Langenbeck technique The 
partially split flap technique was performed m 14 dogs (age 12 weeks) Von 
Langenbeck repair was simulated in 12 dogs (age 12 weeks) Four dogs (age 
12 weeks) served as controls Standardized slides of the palate were taken at 
8 occasions and measurements of the wound surface areas were carried out 
Histological sections were prepared at 3 different ages The animals were 
studied until the age of 25 weeks It was found that re-epitheliahzation was 
completed in approximately 2 weeks in dogs after palatal repair according to 
the partially split flap technique while re-epithehlization after von 
Langenbeck's repair took about 3 weeks The histologic features of this 
group were close to normal After the von Langenbeck's procedure, re-
epithehahzation took about 3 weeks and this technique resulted in scar-tissue 
which was firmly attached to bundle bone by means of Sharpey's fibres It 
was concluded that the histologic appearance of the palatal tissues in dogs 
after palatal repair during growth according to the partially split flap 
technique was close to normal This is assumed to be the reason for a more 
favourable dento-alveolar development after the partially split flap technique 
as compared to von Langenbeck's repair 
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7.2 Introduction 
The facial morphology of patients with cleft lip and palate differs from the 
non-cleft population (Ross, 1987a). This is caused by three main factors: 
intrinsic developmental deficiencies, functional distortions, and iatrogenic 
factors. The last factors are considered to be the major reason for midface 
hypoplasia in patients treated for clefts (Ross, 1987a). The quantity and 
distribution of scar tissue which develops as a result of the surgical soft tissue 
management are probably responsible for this phenomenon (Ross 1987b). 
Several animal studies have been carried out to get more insight into the 
effects of repair of lip, alveolus, and/or palate on facial growth. Herfert 
(1954, 1956, 1958) was the first to perform experiments on beagle dogs. He 
concluded from a split mouth study on five dogs that the raising of 
mucoperiosteal flaps and leaving denuded bone exposed to the oral 
environment, resulted in maxillary growth impairment. In a series of studies 
following Herfert's design, Kremenak et al. (1967, 1970) and Kremenak 
(1985) found that unilateral excision of a strip of mucoperiosteum adjacent to 
the posterior deciduous teeth resulted in maxillofacial growth inhibition. 
Bardach and co-workers (Bardach and Kelly 1988; Bardach et al. 1988; 
Bardach 1990) created unilateral soft tissue and hard tissue defects in the lip, 
alveolus, and palate of rabbits and beagle dogs. Growth aberrations were 
found after surgical repair of the lip and palate, or after lip closure only. 
Wijdeveld et al. (1989, 1991) simulated palatal surgery according to von 
Langenbeck in beagle dogs of different ages in a non-bony cleft model. Their 
surgical approach resulted in a narrowing of the posterior dental arch which 
became apparent only after transition of the teeth. This was in contrast with 
the arch development in control animals, where the posterior teeth tended to 
displace laterally during growth. Histological evaluation showed that the 
composition of the palatal scar tissue in the experimental groups remained 
different from the normal mucoperiosteum, irrespective of the age on which 
surgery was performed. The scar tissue covering the wound areas adjacent to 
the posterior teeth lacked large blood vessels and elastic fibres, and showed a 
mainly transversal orientation of collagenous fibres. The scar tissue was also 
attached to the underlying bone by Sharpey's fibres and the mucoperiosteum 
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was continuous with the periodontal ligament. The combination of these 
factors in a growing animal, might result in a medially directed tensile force 
on the teeth, resulting in narrowing of the dental arch during or after 
transition. The authors suggested that prevention of scar tissue attachment to 
the underlying bone after surgery might lead to a more favourable dento-
alveolar development. 
Using the experimental model of Wijdeveld, Leenstra et al. (1995a, 
1995b) attempted to prevent scar tissue attachment by modification of the 
surgical technique of palatal repair. A partial split flap technique was 
developed with the aim to prevent denuded bony areas after surgery. This 
technique is a combination of a mucosal palatal flap technique as used by 
Perko (1974) and the von Langenbeck technique. The study concluded that 
the partially split flap technique favoured dento-alveolar development in 
growing dogs. Histologic evaluation showed that in non-growing beagle dogs, 
in contrast with the von Langenbeck procedure, the partially split flap 
technique prevented, to a large extent, development of Sharpey's fibres. 
Wether this holds true for young growing dogs was not investigated. 
The aim of the present study was to evaluate the wound healing process 
clinically and histologically in beagle dogs after palatal repair during growth 
according to the partially split flap technique and the von Langenbeck 
technique. 
7.3 Materials and methods 
7.3.1 Animals 
The experiments were performed on 30 beagle dogs. In experimental group 1 
(n = 14; age 12 weeks), palatal surgery was performed using the partially 
split flap technique. In experimental group 2 (n = 12; age 12 weeks), palatal 
repair according to von Langenbeck was simulated as previously described by 
Wijdeveld et al. (1989, 1991). Four dogs (age 12 weeks) served as controls. 
7.3.2 Surgical procedures 
Prior to the surgical procedures, the animals were premedicated with 0.5 ml 
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Thalamonaf (fentanyl, 0.05 mg/ml + droperidol 2.5 mg/ml; Janssen 
Pharmaceutica, Beerse, Belgium) and 0.5 ml atropine (atropine sulphate 0.5 
mg/ml). Subsequently, they were anaesthetized with an intra-venous injection 
of 30 mg/kg Narcovet* (sodium pentobarbital 60 mg/ml; Apharmo, Arnhem, 
The Netherlands). After intubation, anaesthesia was maintained with Ethrane* 
(enflurane 15 mg/ml; Abott, Amstelveen, The Netherlands). The oral mucosa 
and the dentition were cleaned with Chlorhexidine digluconate 1% in water. 
In addition approximately 6 ml Xylocaine* (lidocaine hydrochloride 0.4 
mg/ml + adrenaline 0.0125 mg/ml; Astra Chemicals, Rijswijk, The Ne-
therlands) was injected into the palatal mucoperiosteum to avoid excessive 
bleeding during surgery. 
In all experimental animals a standardized soft tissue defect was created 
in the medial region of the palate by incising, elevating and removing an 
elliptically-shaped mucoperiosteal flap. This flap extended distally from the 
canines to the region of the hard palate distally of the deciduous third molars. 
The maximum width of the flap was one third of the transverse distance 
between the deciduous first molars. 
In the dogs in which surgery was performed using the partially split flap 
technique (Fig. 7-1), the mucoperiosteum was elevated from the medial side 
of the bone to localize the greater palatine foramen and the major palatine 
neurovascular bundle in order to prevent its damage during surgery. On both 
sides of the palate adjacent to the posterior teeth, the mucoperiosteum was 
incised for half of its thickness. These incisions reached from canine to 
deciduous third molar. Horizontal cleavage of the mucoperiosteum was then 
performed into a medial direction, until the split area was at least half the 
size of the soft tissue defect in the midline. A vertical incision was then made 
in the deep layer of the mucoperiosteum reaching to the bone. Subsequently 
the medial part of the mucoperiosteum was mobilized in full thickness. The 
partially split flaps were repositioned medially, and the soft tissue defect was 
closed and sutured in one layer with 4-0 Vicryl. The areas of the palate 
adjacent to the dentition thus remained covered with the deep layer of the 
mucoperiosteum. No additional protection of the wounds or measures to 
adapt the flaps to the underlayer were used. 
In the dogs in which palatal repair according to von Langenbeck was 
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Figure 7-1 Schematic drawing of the partially split flap technique. After surgery no 
denuded bone is present. 
Figure 7-2 Schematic drawing of the simulated von Langenbeck technique. After 
surgery denuded bone is present. 
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simulated, relaxation incisions reaching to the bone were made on both sides 
of the palate adjacent to the posterior teeth (Fig 7 2) The remaining palatal 
mucopenosteum was elevated from the underlying bone with a small 
raspatory The major palatine neurovascular bundle was not damaged during 
the operation The soft tissue defect in the midline was closed and sutured in 
one layer with 4-0 Vicryl, leaving two areas of denuded bone adjacent to the 
dentition 
All experimental animals were medicated preoperatively with 1 ml of 
Albipen* 15% (ampicilhn anhydrate 150 mg/ml, Mycofarm, de Bilt, The 
Netherlands) and maintenance doses of 1 ml Albipen* LA (ampicilhn 
anhydrate 100 mg/ml, Mycofarm, de Bilt, The Netherlands) the 2nd and 4th 
day postoperatively All animals received a normal diet after surgery 
7 3 3 Intraoral slides 
Standardized intraoral slides of the palate were taken in the experimental 
animals at 12 weeks of age at the start of the study or prior to surgery and at 
1, 2, 3, 5, 7, 10 and 13 weeks postoperatively A Nikon F body (Nikon 
Corp, Tokyo, Japan) and a Medical Nikon Fixed focus lens (1 5 6, f = 200 
mm) with close up lens and integrated ring flash and Kodak Ektachrome film 
(200 ASA, Eastman Kodak Rochester, NY) were used The reproduction 
ratio was 2 3 A plane intraoral mirror was placed behind the tuberosities of 
the maxilla at an angle of 45° to the palate Optimal sharpness was obtained 
by positioning of the camera and two exposures were made at each occasion 
For each photograph the animals were premedicated with 0 5 ml Thalamonaf 
(fentanyl 0 05 mg/ml + dropendol 2 5 mg/ml) and 0 5 ml atropine* (atropine 
sulphate 0 5 mg/ml) Subsequently, they were anaesthetized with an 
intravenous injection of 15 mg/kg Nesdonaf (thiopental sodium 50 mg/ml) 
For clinical evaluation of wound healing, the best of the slides on each 
occasion, was projected and enlarged to trace the contours of the wound area 
on transparent paper Subsequently, they were digitized using an electronic 
measuring tablet (Hitachi type HDG 11, Hitachi Seiko Ltd, Tokyo, Japan) 
that had a linear accuracy of 0 2 mm All tracings and measurements were 
carried out by one observer For determination of the measurement error, 20 
contours of wound areas were traced and measured twice by the same 
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observer with a lime interval of one month. 
7.3.4 Histological processing 
For histologic evaluation animals of each group were killed in pairs. The 
animals operated according the partial split flap technique were killed at 15, 
19 and 25 weeks of age, those operated according to von Langenbeck at 14, 
19 and 25 weeks of age and the controls were sacrificed at the age of 18 and 
27 weeks. Prior to perfusion, the animals were brought under general 
anaesthesia using 30 mg/kg Narcovet* after which 0.5 mg/kg 
Thromboliquine* (Heparin; Organon Teknika, Boxtel, The Netherlands) was 
administered. After some minutes a lethal dose of Narcovet* was injected 
intravenously. The thorax of the animal was opened and the vascular system 
was perfused with physiologic saline via the arch of the aorta, followed by 
4% neutral formaldehyde as a fixative. After perfusion the maxillae were 
dissected and immersed in 4% neutral formaldehyde for another 2 weeks. 
Then, they were sawed into five smaller blocks. Two blocks contained the 
left and right second premolars and the adjacent lateral palatal areas. Two 
other blocks contained the third premolars including the palatal areas. The 
last block contained the midpalatal area between the fourth premolars and the 
first molars. The blocks were decalcified in 20% formic acid and 5% sodium 
citrate, dehydrated and embedded in Paraplasf (Monoject Scientific, Athy, 
Ireland). Serial frontal sections of 7 μιτι were prepared. For general tissue 
survey, sections were stained with haematoxylin and eosin. Five sections 
from each block with a spacing of 175 μπι were stained Weigert-van Gieson 
in order to study elastic fibre distribution. 
All histologic observations were carried out by two independent observers. 
7.3.5 Statistical analysis 
T-test was used to compare the wound surface areas between both 
experimental groups immediately after surgery and at 1, 2, 3 and 5 weeks 
postoperatively. 
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7.4 Results 
7.4.1 Clinical observations 
Wound healing was completed uneventfully in both experimental groups. Re-
epithelialization was completed after approximately 2 week after repair 
according to the partially split flap technique, and after about 3 weeks using 
von Langenbeck's method. Palatal rugae did not develop in the healed area in 
either group. 
The measurements of the wound surfaces had a duplicate measurement 
error of 2.0 mm2. The accuracy of the method was considered to be 
acceptable. The results of the measurements are presented in Table 7-1. 
7.4.2 Histological observations 
Control group 
In the control animals, the palatal bone was covered with mucoperiosteum. 
The superficial layer consisted of parakeratotic stratified squamous epithelium 
with many villi protruding into the underlying connective tissue. Just beneath 
the epithelium the connective tissue layer consisted mainly of a three-
dimensional network of coarse collagen Type I fibres. In the deeper layers 
sagitally oriented collagenous fibres were more predominant and elastic fibres 
were randomly distributed. Here an expansion tissue was present with 
sagitally-oriented large blood vessels along the whole width of the palate. 
Between those blood vessels, the major palatine artery and branches of the 
palatine nerve were found at the lateral aspect close to the bone. 
In the youngest animals, at the age of 18 weeks the periosteal layer was 
thick and cell rich. The palatal bone showed trabecular deposition and osteoid 
formation; active osteoblasts were found on the whole surface and in the mid-
palatal suture. Bone deposition was found at the palatal as well as buccal side 
in the alveolar socket. 
At the age of 27 weeks the periosteal part of the mucoperiosteum 
consisted of a thin layer with some resting osteoblasts. Only a few thin 
collagen Type I fibres connected the fibrous layer of the mucoperiosteum to 
the bone. The palatal bone was of the lamellar type, no deposition was found. 
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Table 7-1 Results of t-test for comparison of wound 
surface areas of experimental groups in mm2 
1 2 
Weeks Partially Von Significant 
ρ о split flap Langenbeck difference 
n=14 n=12 
X SD X SD 
0 197 0 27 1 218 8 32 2 
1 04 03 11 2 8 1 
2 00 00 02 02 
3 0 0 0 0 0 1 0 2 
5 00 00 00 00 
ns ρ > 0 05 
The mucopenosteum was continuous with the periodontal ligament, cervical 
periodontal fibres were fanning out into the gingiva and into the deeper layers 
of the palatal connective tissue In the more apical region of the socket these 
fibres connected the tooth to the alveolar bone 
Partially split flap group 
In 15 week old animals in which the partially split flap technique was used, 
the epithelium at the split regions was continuous and consisted of 
parakeratotic stratified squamous epithelium In some areas the villi were 
fewer and less protruding compared to normal epithelium A layer of scar 
tissue, lacking elastic fibres, was reaching from the surface of the former 
wound areas on the lateral site of the palate to the deeper layer of the 
mucopenosteum in medial direction The scar tissue was hardly hyperaemic 
and no inflammatory cells were present The boundary of this scar tissue was 
rather vague The periosteal layer was thick and cell rich The palatal bone 
showed trabecular deposition and osteoid formation, active osteoblasts were 
found on the entire surface and in the mid-palatal suture The alveolar socket 
showed bone deposition on both sides 
ns 
2>1 
2>1 
ns 
ns 
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Figure 7-3 Schematic drawing of a frontal histologic section of mature scar tissue 
after partially split flap technique. 
The histologic features at the age of 19 weeks were highly comparable 
to those at 15 weeks of age. 
At 25 weeks of age, the layer of scar tissue was still present but was 
hardly distinguishable. The structure of the mucoperiosteum in other areas 
was similar to the control animals. The palatal bone was of the lamellar type 
without resting lines. A very thin osteogenic layer covered the bone in most 
places. It consisted of a few inactive osteoblasts and the fibrous layer was 
connected to the palatal bone by few thin collagen Type I fibres. The 
periodontal ligament of the teeth adjacent to the lateral operation areas did 
not differ from the control group (Figs. 7-3, 7-4). 
Von Langenbeck group 
In 14 week old dogs, using von Langenbeck's repair, the epithelium at the 
denuded bony areas consisted of parakeratotic stratified squamous epithelium. 
The epithelium was thinner and showed fewer protruding villi compared to 
the epithelium covering the normal mucoperiosteum. The granulation tissue 
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Figures 7-4AB Border between the palatal bone and the mucoperiosteum after the 
partially split flap technique at the age of 25 weeks. The situation is comparable to 
the controls. В = bone, M = mucoperiosteum. (A) Haematoxylin and eosin, XI40. 
(B) polarization microscopy of area 4A, XI40. 
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Figure 7-5 Schematic drawing of a frontal histologic section of mature scar tissue 
after von Langenbeck's repair. 
underneath the epithelium was hyperaemic and inflammatory cells were 
present. Thin collagenous fibres, presumably of type III, were mainly 
oriented medio-laterally, traversing the former denuded bony areas. No 
elastic fibres were found in the healing tissue. The former mobilized 
mucoperiosteal flaps located in the medial region of the palate showed a 
normal appearance. A thin periosteum covered the bone and trabecular bone 
deposition in the presence of active osteoblasts was found. In the region of 
the former denuded bony areas, however, apart from osteoblastic bone 
deposition some osteoclastic resorption was observed. Simultaneous with the 
bone deposition, thick collagenous fibres were embedded in the palatal bone 
as Sharpey's fibres, creating a rigid attachment of the scar tissue to the 
underlying bone. Collagenous fibres were observed in the cervical part of the 
periodontal ligament reaching from the cementum into the gingiva and palatal 
connective tissue. In some instances, osteoclastic bone resorption took place 
in the cervico-palatal region of the alveolar socket. 
At 19 weeks of age, the epithelial layer was somewhat thicker compared 
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Figures 7-6AB Border between the palatal bone and the mucoperiosteum after von 
Langenbeck repair at the age of 25 weeks. The difference between normal and scar 
tissue can be noticed; the scar tissue is attached to the bone by thick Sharpey's 
fibres. В = bone, M = mucoperiosteum, SF = Sharpey's fibres, S = scar tissue. (A) 
Haematoxylin and eosin, XI40. (B) polarization microscopy of area 6A, XI40. 
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to earlier stages, especially in the former denuded bony areas but still thinner 
than in the control animals of that age The medio-laterally oriented 
collagenous fibres were replaced by thicker fibres, but type III collagen was 
still predominant Trabecular bone deposition had decreased but some active 
osteoblasts were still present in marrow spaces Sharpey's fibres at the 
former denuded bony areas were more predominant than in the earlier stages 
of wound healing and no elastic fibres were present in the mucopenosteum 
covering these areas Cervical periodontal fibres were fanning out into the 
deeper layers of the mucopenosteum 
The situation at 25 weeks of age closely resembled the stage described 
previously (Figs 7-5, 7-6) The epithelial layer was still somewhat thinner in 
the operated areas than in the normal mucopenosteum The underlying 
connective tissue contained mainly transverse oriented collagenous fibres and 
lacked elastic fibres Rigid attachment of the scar tissue to the palatal bone in 
the region of the former denuded bony areas by means of Sharpey's fibres 
was evident Deposition nor resorption of bone was found Only resting 
osteoblasts were present Cervical periodontal fibres were fanning out from 
the cementum of the premolars to the palatal mucopenosteum and the scar 
tissue In some instances, osteoclasts were observed in the cervio-palatal 
region of the alveolar socket with corresponding bone resorption 
7.5 Discussion 
The healing process of palatal mucopenosteum in dogs after two different 
techniques of palatal surgery during growth was studied clinically and 
histologically and compared with controls The essential difference between 
the two surgical techniques, is that the partially split flap technique avoids 
areas of denuded bone adjacent to the posterior teeth, while the von 
Langenbeck procedure is resulting in denuded bone 
In both experimental groups, wound healing was completed 
uneventfully This supports the results of an earlier study by Leenstra et al 
(1995a) which stated that in both techniques the risk of flap necrosis is almost 
nil, if correctly performed After repair according to the partially split flap 
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technique (no denuded bone), re-epithelialization was completed in less than 2 
weeks. This was in contrast to the re-epithelialization time after the use of the 
von Langenbeck method (denuded bone), in which it took about 3 weeks. In 
a clinical study in Japanese children with UCLP and CP comparable results 
were found with respect to the re-epithelialization time for two types of 
surgery, which resemble our techniques (Leenstra et al., 1996). 
Scar tissue attachment to palatal bone by Sharpey's fibres after cleft 
palate repair is held responsible for impairment of dento-alveolar 
development (Wijdeveld et al., 1989, 1991). In order to prevent this 
attachment, the partially split flap technique was designed. The histologic 
features of the tissues after surgery of non-growing dogs, using this 
technique, closely resembled those of the controls apart from vaguely 
demarcated scar tissue. This is supported by a histologic study by Densho 
(1982), who created 5 different types of palatal wound in rats. Two weeks 
after surgery, it was found that the boundary between bone and 
mucoperiosteum of wounds in which only the upper layer of the 
mucoperiosteum was removed, was comparable to the control side. 
The histologic findings in the present study after palatal repair according 
to von Langenbeck's technique showed rigid attachment of scar tissue to the 
palatal bone in the region of the former denuded bony areas by means of 
Sharpey's fibres. The scar tissue lacked elastic fibres and the collagenous 
fibres showed a mainly transversal orientation. This is in agreement with the 
findings of Wijdeveld et al. (1991) and Densho (1982), the latter reporting 
scar tissue attachment after healing of wounds in which mucoperiosteum was 
removed and consequently palatal bone was exposed. The formation of 
bundle bone in the lateral operation areas after von Langenbeck's repair, is 
the result of the wound healing in areas of denuded bone. Bundle bone can be 
characterized as immature bone and often appears in postnatal life in places 
where bone repair takes place (Ham and Cormack, 1979). 
The present study showed that scar tissue after palatal repair using the 
partially split flap technique is hardly distinguishable, lacks elastic fibres and 
is not firmly attached to the bone by means of Sharpey's fibres. Furthermore, 
the palatal bone, after palatal repair using the partially split flap technique, 
has its normal appearance. This in contrast to the palatal bone in the lateral 
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wound areas after von Langenbeck's repair which consists of bundle bone. It 
is concluded that the histologic appearance of the palatal tissues in dogs after 
palatal repair during growth according to the partially split flap technique is 
close to normal. This is assumed to be the reason for a more favourable 
dento-alveolar development after the partially split Пар technique as 
compared to the von Langenbeck's repair. 
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Supraperiosteal vs mucoperiosteal technique 
8.1 Abstract 
Recent animal experiments have shown that palatal repair without denudation 
of bone leads to a superior dento-alveolar development. The aim of this 
clinical study was to evaluate the peri- and postoperative course and the 
dento-alveolar development of the deciduous dentition in Japanese ULCP, and 
CP patients up to 5 years after two different types of palatal repair. One of 
the methods, the Kohama (1991) supraperiosteal flap technique, is performed 
without denudation of the bony palate, while the other, the Wardill (1937) 
push-back technique, results in areas of denuded bone. It was concluded that 
the supraperiosteal technique can be performed successfully in approximately 
the same amount of time as the push-back technique. Re-epithelialization of 
the wound areas after supraperiosteal repair takes about 1 week, which is one 
third of the time associated with healing after the push-back technique. Arch 
depth of the deciduous dentition after the supraperiosteal technique is superior 
compared to the push-back technique. The question of whether or not the 
supraperiosteal technique produces more favourable dento-alveolar 
development than the mucoperiosteal technique in the permanent dentition in 
humans has to be elucidated in future research. 
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8.2 Introduction 
Forty years ago, Graber (1954) reported detrimental effects of cleft palate 
repair on facial growth in humans Today, surgery is considered one of the 
major factors causing disturbances in facial growth in cleft palate patients 
(Ross, 1987a, 1987b, Ross and Johnston, 1972) Soft-tissue management is 
thought to be particularly responsible for affecting maxillary growth The 
quantity and distribution of scar tissue after healing of the soft tissues seems 
to be the principal factor responsible for growth inhibition (Ross, 1987b) 
Animal experiments have been carried out to elucidate the effect of 
surgery on maxillary growth Bardach et al (1988), Bardach and Kelly 
(1988), and Bardach (1990) concluded from a series of studies in rabbits and 
beagle dogs that lip closure produces an increased lip pressure that could be 
an important factor in craniofacial growth aberration Herfert (1954, 1956, 
1958) concluded from a split-mouth study on five beagle dogs that the raising 
of palatal mucopenosteum and the presence of denuded palatal bone after 
palatoplasty resulted in maxillary growth impairment In a series of studies 
following Herfert's design, Kremenak et al (1967, 1970) and Kremenak 
(1984) found that unilateral excision of a strip of mucopenosteum adjacent to 
the posterior deciduous teeth resulted in maxillary growth inhibition 
In the studies of Wijdeveld et al (1989, 1991), palatal surgery as 
described by von Langenbeck was simulated in beagle dogs of different ages 
in a nonbony cleft model, resulting in a narrowing of the dental arch, which 
became apparent only after shedding of the teeth Histologic evaluation 
showed that the composition of the scar tissue in the experimental groups 
remained different from the normal mucopenosteum, irrespective of the age 
at which surgery was performed The scar tissue covering the lateral wound 
areas adjacent to the posterior teeth lacked large blood vessels and elastic 
fibres, and showed a mainly transverse orientation of collagenous fibres Scar 
tissue was also attached to the underlying bone by Sharpey's fibres 
Furthermore, it was noticed that the mucopenosteum was continuous with the 
periodontal ligament These factors might result in medially directed tensile 
force on the teeth in operated dogs These authors suggested that prevention 
of scar-tissue attachment to the underlying bone might lead to more 
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favourable dento-alveolar development. 
Leenstra et al. (1995a) were able to prevent scar-tissue attachment to 
underlying bone by modifying the technique of palatal repair. In beagle dogs, 
closure of a mucoperiosteal palatal cleft was performed using a modified 
partially split-flap technique, in which denudation of palatal bone was 
avoided. The latter technique is a combination of a mucosal-palatal-flap 
technique used by Perko (1974, 1979) and the von Langenbeck technique. In 
a follow-up study on growing beagle dogs, Leenstra et al. (1995b) found 
normal dento-alveolar development in a group operated on using this 
modified partially split-flap technique. 
The histologic tissue features found by Wijdeveld et al. (1991) after a 
von Langenbeck procedure and by Leenstra et al. (1995a) after closure 
without denudation of bone were supported by an earlier histologic study by 
Densho (1982), who created five different types of palatal wounds in rats. He 
reported scar-tissue attachment after healing of wounds in which 
mucoperiosteum was removed, and consequently palatal bone was exposed. 
Fourteen days after surgery, the borderline between bone and 
mucoperiosteum of wounds, in which only the upper layer of the 
mucoperiosteum was removed, was comparable to the control side. 
It has been suggested that palatal surgery without denudation of bone has 
a positive effect on dento-alveolar development in primates (Perko, 1974) and 
in humans (Perko, 1979). Therefore, the aim of this study was to evaluate the 
perioperative and postoperative course and the dento-alveolar development of 
the deciduous dentition in Japanese ULCP, and CP patients up to 5 years 
after two different types of palatal closure: the supraperiosteal flap technique 
described by Kohama (1991) without denudation of bone, or the push-back 
technique described by Wardill (1937) resulting in denuded bone. 
8.3 Materials and methods 
8.3.1 groups 
The study evaluated 138 patients born between 1974 and 1990 with a 
complete unilateral cleft lip and palate (UCLP, η = 65), and those with a 
129 
Chapter 8 
cleft palate only (CP, η = 73) The patients were treated at the Department 
of Oral and Maxillo-Facial Surgery, Sapporo Medical University, Sapporo, 
Japan The UCLP group did not receive preoperative orthopaedic treatment 
before lip closure Lip closure, using the Tenmson Randall technique 
(Randall 1959) for complete cleft lips, or the Millard procedure (Millard 
1976) for complete and incomplete cleft lips, was performed at a mean age of 
3 months The palate was closed in one stage in both groups In the UCLP 
group, 35 patients (25 δ, 10 9) were treated using a suprapenosteal 
technique (SP), and 30 patients (18 δ, 12 9) using a mucopenosteal 
technique (MP) In the CP group, 33 patients (13 δ, 20 9) were treated 
using the SP technique and 40 patients (17 δ, 23 9) using the MP technique 
In all groups, palatal repair was performed at the mean age of 17 months 
Dento-alveolar development was evaluated annually using dental casts until 5 
years after surgery At least three dental casts were available for each patient 
8 3 2 Surgical procedures 
Suprapenosteal technique described by Kohama 
After standard preparation of cleft palate patients for surgery, the oral cavity 
is disinfected with Isogine® (Meiji Seika Kaisha, Japan) Thereafter, 2 to 4 
ml Xylocaine® (hdocaine hydrochloride 0 4 mg/ml + adrenaline 0 0125 
mg/ml, Astra, Japan) is injected suprapenosteally into the palatal 
mucopenosteum Incisions are made bilaterally for suprapenosteal 
preparation of the palatal flaps starting at the alveolar process distal to the 
deciduous first molar, proceeding anteriorly along the highest lateral part of 
the palatal vault, extending to the mesial side of the deciduous canine (Fig 8-
1) In UCLP patients, the incisions follow the dental arch to the cleft The 
incision of the larger segment is located distally to the incisive foramen to 
avoid damage of the incisive papilla In CP patients, straight incisions from 
the mesial side of the deciduous canine to the most anterior point of the cleft 
are performed The incisions described above are performed with a #11 
blade, which is held almost parallel to the palatal bone The angle of the 
blade to the palatal bone (ι e , 0 degrees or more) controls the area of the 
mucopenosteum that will be split Ideally, the split area has to be at least the 
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Figure 8-1 Schematic drawing of the Kohama supraperiosteal technique for UCLP 
patients. After surgery no denuded bone is present. 
width of the cleft, but the maximum width is determined by the location of 
the greater palatine neurovascular bundle. If the split area is judged to be 
sufficient, incisions reaching the bone laterally to the bundle are carried out. 
Then incisions are made on the medial edges of the cleft of the hard palate to 
separate the nasal, from the oral mucosa. The medial edge of the soft palate 
and the remaining hard palate is freshened by removing a very thin strip of 
mucosa. Vertical incisions to the bone are made distal to the primary first 
molars, curving outwards or laterally posterior to the maxillary tuberosity 
and extended to the pharynx in the buccal mucosa. Then the combined 
mucoperiosteal and supraperiosteal flap is created by elevation of the 
remaining mucoperiosteum, containing the neurovascular bundle, from the 
bone. Infracturing of the pterygoid hamulus, mobilization and suturing of the 
nasal mucosa, reconstruction of the levator veli palatini muscles, and suturing 
of the oral flaps are performed by following standard procedures. After 
posterior movement, the oral flap is sutured to the nasal mucosa and the 
vomer. Thereafter, the palate is covered with gauze impregnated with 
antibiotic Achromycin® ointment (Lederle, Japan) to prevent infection of the 
gauze. The gauze is kept in place by suturing a preoperatively constructed 
acrylic plate to the palate. Plate and gauze are removed 1 week 
postoperatively. 
131 
Chapter 8 
Mucoperiosteal technique described by Wardiil 
In Sapporo, the push-back technique, as described by Wardill, was used as 
the mucoperiosteal technique before the supraperiosteal technique was 
introduced in 1980. This mucoperiosteal technique was performed in the 
same way as the supraperiosteal technique except for the splitting of the 
mucoperiosteum to produce areas of denuded bone. A detailed description of 
the push-back technique is provided in Wardill (1937). 
8.3.3 General information 
General information related to the palatal surgery was obtained from the files 
from the patients and from oral information given by the surgeons. This 
included hospitalization period, duration of the palatal repair, amount of 
blood loss, peri- and postoperative complications, combinations with other 
kinds of surgery, and duration of wound healing. 
8.3.4 Arch dimensions 
The following landmarks were defined on the preoperative dental casts (Fig. 
8-2): 
• incisai point (I): top of the alveolar crest where the incisive papilla and 
the labial frenulum meet or the midpoint between the central incisors (if 
available) 
• canine points (C,C): tops of the alveolar crest where the lateral sulcus 
and the lateral frenulum meet 
• tuberosity points (T,T'): the most posterior points of the maxillary 
tuberosities 
• midpoint (M): midpoint of the line connecting the points Τ and T' 
• greater segment point (g): most medio-anterior point of the greater 
segment at the margin of the cleft 
• lesser segment point (1): most medio-anterior point of the lesser segment 
at the margin of the cleft 
• c,c'-points: points at intersection of the margin of the cleft and the line 
connecting the points С and C' 
132 
Supraperiosteal vs mucoperiosteal technique 
• t,t'-points: points at the intersection of the margin of the cleft and the 
line connecting the points Τ and Τ' 
The following landmarks were used to measure the following distances: 
• arch widths: distances between С and С and Τ and T' 
• anterior, middle and posterior cleft widths: distances between g and 1, с 
and c', and t and t' 
• arch depth: distance between I and M 
The following landmarks were defined postoperatively on the dental casts for 
the deciduous dentition (Fig. 8-3): 
• incisai point (I): midpoint between the central incisors 
• gingiva points (c,c',ml,mr,m2,m2'): center points at the palatal 
gingival margin of the deciduous canines, and of the deciduous first and 
second molars 
• tuberosity points (T,T'): the most posterior points of the maxillary 
tuberosities 
• midpoint (m): midpoint of the line connecting the points m2 and m2' 
• midpoint (M): midpoint of the line connecting the points Τ and T' 
Figure 8-2 Schematic drawing of a Figure 8-3 Schematic drawing of a 
preoperative dental cast with postoperative dental cast with 
measuring points. measuring points. 
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The following landmarks were used to measure the following distances-
• transverse distances distances between с and c', ml and ml', m2 and 
m2', and Τ and T' 
• arch depths, distances between I, and m and/or M 
All measurements were performed by one observer using a digital calliper 
(Digimatic CD-15D, Mitutoyo, U.K.) To determine the measurement error, 
20 presurgical- and 20 postsurgical dental casts were measured twice by the 
same observer with a time interval of 1 month. 
8 3 5 Statistical Analysis 
The pre-operative comparability of the treatment groups was tested using a by 
t test on the variables gl, cc', tt' and by two-way ANOVA on the variables 
CC', TT', and IM Interaction between cleft type and technique on the 
preoperative values was tested using a two-way ANOVA. Treatment 
differences were tested using a three-way ANOVA while correcting for 
possible influences of cleft type and sex. 
8.4 Results 
8 4 1 General information 
All patients were hospitalized 1 week prior to palatal surgery for extensive 
medical examination. The palatal repair was not combined with other surgical 
interventions. In all groups, the time needed for surgery was about 1 hour 
The extra time needed for splitting of the mucopenosteum in the SP 
technique was about 5 minutes. The perioperative blood loss was 
approximately 20 to 30 ml for both techniques, so blood transfusion was 
never neccesary. None of the patients suffered from complications during or 
after surgery Wound healing was evaluated until 4 weeks after surgery. Re-
epithehahzation was completed after approximately 1 week in the SP groups 
and after about 3 weeks in the MP groups All patients were released in good 
condition 2 weeks after surgery but visited the outpatient clinic every week 
134 
Supraperiostedl vs mucopenosteal technique 
until 4 weeks after surgery 
8 4 2 Dental casts measurements 
Reproducibility of the method 
The preoperative measurements had an average duplicate measurement error 
of 0 13 mm (range, 0 07 - 0 18 mm) The average duplicate measurement 
error of the postoperative measurements was O i l mm (range, 0 02 - 0 19 
mm) The accuracy of the method was considered to be acceptable 
Measurements 
The preoperative measurements are summarized in Table 8-1 No significant 
differences were found between the SP, and the MP group of the UCLP 
patients nor between those of the CP patients The arch width (ι e , CC' and 
TT') was significantly larger in the UCLP group compared with the CP 
group The arch depth IM was larger in the CP group No statistically 
significant interactions were found between the technique of palatal repair and 
the type of cleft (ι e , CP or UCLP) 
The results of the dental cast measurements after surgery are presented 
in Table 8-2 The results of the arch width (cc') and the arch depth (IM) are 
presented in graphic display in Figures 8 4 and 8-5 The arch depths of the 
SP groups were larger than those of the MP groups Except for the first year 
after surgery, the arch depths of the CP groups were larger than those of the 
UCLP groups No significant differences in arch width were found except for 
the distance mimi ' measured in the fifth year after palatal repair, which was 
wider in the SP group A sex difference was found in about one quarter of all 
measurements, the values for boys being larger than for girls 
8.5 Discussion 
In this study, the perioperative and postoperative course as well as the 
development of the deciduous dentition in UCLP and CP patients was 
investigated up to 5 years after palatal closure using the Kohama supra-
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Table 8-1 T-test on the preoperatne comparability of the \anables gl, cc', and tt' 
and tuo-way ANOVA on the xariables CC' TT' and IM 
UCLP-patients CP-patients Test results 
SP technique MP-technique SP-technique MP-technique 
Variable η X SD η X SD η Χ SD η Χ SD Sign diff 
gì 
e t ' 
tt' 
CC' 
TT' 
IM 
23 
23 
23 
23 
23 
23 
2 6 3 4 
5 7 4 5 
107 2 8 
31 8 3 2 
36 8 3 3 
284 2 0 
17 2 2 2 6 - - - - - - ns 
17 6 4 3 9 - - - - - ns 
17 9 7 1 9 - - - - - - ns 
17 326 3 6 15 305 13 19 3 0 2 2 5 UCLP>CP 
17 37 1 2 4 15 357 2 5 19 3 5 6 2 9 UCLP>CP 
17 2 8 2 1 6 1 5 3 0 1 2 1 1 9 2 9 5 2 2 CP>UCLP 
Mean (X) and standard deviation (SD) are presented in mm Differences are 
given at p < 05 level 
periosteal flap technique or the Wardill push-back technique The 
essential difference between these two surgical techniques is that the Wardill 
technique results in areas of denuded bone, while the Kohama technique does 
not 
No differences in hospitalization period, perioperative blood loss, or 
complications during or after surgery were found between the two 
techniques Although the cleavage of the mucopenosteum took about 5 
minutes extra time, the average overall time needed for surgery was 
comparable for both techniques When no denuded bony areas were present 
after operation (SP technique), re-epitheliahzation was completed after 
approximately 1 week This was in contrast to the MP technique, in which it 
took 3 weeks for epitheliahzation over the former denuded areas The healing 
of the flaps and the short re-epitheliahzation time in the SP group were also 
found in experimental studies by Leenstra et al (1995a, 1995b) 
Our postoperative measurements showed that the arch depths (IM) in the 
SP groups were significantly larger compared to the MP groups This might 
be explained by differences in scar tissue in the anterior part of the palate 
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Arch width cc' (mm) 
30 
27 
24 
21 
18 
15 5 
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-o- UCLP -- SP - * UCLP -- MP -0- CP -- SP ^ CP - MP 
Figure 8-4 Graphic display of the arch width (cc ') until 5 years after palatal repair. 
This assumption is based on animal studies showing that scar tissue covering 
denuded bony areas differs in structure, composition, and outline compared 
to scar tissue in wound areas where the deeper layer of the mucoperiosteum 
remained in situ (Densho, 1982; Wijdeveld et. al., 1991; Leenstra et ai, 
1995b). Since the described surgical techniques are push-back procedures, the 
scar-tissue areas are located mainly in the anterior parts of the palate. 
Differences in scar tissue might have led to a greater tensile force in the MP 
group, resulting in sagittal-growth inhibition. Lip closure was performed at 
the age of 3 months using two different techniques: the Tennison-Randall 
technique (Randall, 1959) for complete cleft lips or the Millard procedure for 
complete and incomplete lips. The preoperative measurements prior to cleft 
palate repair at the mean age of 17 months showed no differences between 
the SP and the MP group of the UCLP patients, so the technique of lip repair 
was considered not to be a confounder in this study. 
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Arch depth IM (mm) 
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Figure 8-5 Graphic display of the arch depth (IM) until 5 years after palatal repair. 
Except for the first year after surgery, arch depth (IM) was significantly 
smaller in the UCLP groups compared to the CP groups. This was also found 
in the study of Honda et al. (1995) and might be explained by the increased 
pressure from the reconstructed lip following cheiloplasty. Mazaheri et al. 
(1971), however, did not find significant differences in arch depth between 
these two types of operated clefts. 
Except for the fifth year after palatal repair in which the distance mimi 
was wider in the SP groups, there were no significant differences in arch 
width. This is supported by the studies in beagle dogs of Wijdeveld et al. 
(1989), in which the narrowing of the dental arch after a von Langenbeck 
palatal repair became only apparent after shedding of the teeth, at least in 
dogs. The reason for this might be that the scar tissue results in a tensile 
force in a medial direction on the teeth. This could lead to an eruption in a 
medial rather than a lateral direction during transition. 
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Considering the study of Leenstra et al. (1995b), in which no negative 
effects on dento-alveolar development in beagle dogs were found after palatal 
repair using a modified partially split technique, it might be speculated that 
the arch width of the permanent dentition of the SP groups will show a better 
development than that of the MP groups. However, to elucidate this, this 
group has to be followed until maturity. 
In about one quarter of all the measurements, the values for boys were 
larger than for girls. Considering sexual dimorphism, this outcome is not 
surprising. 
From the results of the present study, it can be concluded that the 
Kohama supraperiosteal technique can be performed successfully in almost 
equal time as the Wardill push-back technique. Re-epithelialization of the 
wound areas after supraperiosteal repair takes about one third of the time 
compared to the healing after the mucoperiosteal technique. The sagittal 
maxillary development of the primary dentition after the SP technique is 
superior compared to the MP technique. Future research is needed to 
elucidate the question of whether or not the SP technique favours dento-
alveolar development in the permanent dentition in humans. 
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General discussion 

General discussion 
9.1 Aim and rationale 
The aim of this thesis was to evaluate the maxillary dento-alveolar growth 
after palatal surgery when denuded bony areas are avoided either by covering 
the denuded areas with biocompatible biodegradable membranes or by leaving 
periosteum on the bone 
The rationale for this study was that the quantity and distribution of scar 
tissue and its attachment to palatal bone after surgery and subsequent healing, 
are considered to be major factors in the disturbance of maxillary dento-
alveolar growth after cleft palate repair (Ross, 1987, Wijdeveld et al , 1989, 
1991) Especially scar tissue attachment to the underlying bone is held 
responsible for those growth disturbances (Densho, 1982, Wijdeveld et al , 
1989, 1991, In de Braekt et al , 1992, 1995) 
9.2 Biodegradable biocompatible membranes 
The first approach was the use of biocompatible biodegradable membranes to 
cover areas of denuded bone after cleft palate repair in dogs in order to 
prevent scar tissue attachment In our research group, such an attempt was 
already made by covering denuded bony areas with poly-(L-lactic) acid 
membranes Premature degradation of the membranes influenced the results 
negatively but it was concluded that improvement of the membranes might 
lead to more promising results (In de Braekt et al , 1992, 1993, 1995) In 
order to obtain a more suitable material to prevent scar tissue attachment, the 
in \ivo behaviour of 5 different biodegradable materials was tested This 
study was indicated because the rate of degradation of biodegradable 
materials in specific in vivo circumstances is hard to predict based on in vitro 
determined material characteristics In vivo, tissue characteristics and 
mechanical circumstances play a role (Vert et al , 1992) and valid data about 
degradation rates can only be obtained if the test conditions mimic the real 
situation as close as possible (Miller and Williams, 1987) It was found that 
poly hydroxybutyrate 80% - hydroxy valerate 20% (PHB-co-HV) seemed the 
most suitable material in terms of mechanical properties and tissue response 
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for the prevention of scar tissue attachment in dogs. The material was the 
easiest one to manipulate and adapt during surgery, showed no fractures and 
induced very little tissue response after 12 weeks (Leenstra et al., 1995a). 
Prior to the use of PHB-co-HV membranes in growing dogs, the affinity 
of fibroblasts to the membrane surface was tested in vitro. A high affinity 
was considered to be important for fibroblast migration on the outer surface 
of the membrane. This is necessary in order to obtain wound closure with 
incorporation of the membrane after implantation. Treatment by radio 
frequency glow discharge of the membranes before implantation appeared to 
enhance the wettability and this procedure improved fibroblast affinity to the 
surface significantly. 
Then, the maxillary dento-alveolar development and the healing process 
after palatal repair according to von Langenbeck with and without 
implantation of PHB-co-HV membranes were studied in growing dogs and 
compared with controls. It was concluded that the use of membranes after 
repair according to von Langenbeck had only a slight positive effect on 
dento-alveolar development compared to the von Langenbeck procedure only. 
The healing process after implantation was delayed, sequestration of the 
membranes took place in the first 7 weeks after implantation. The scar tissue 
was, however, only locally attached to the bone by means of Sharpey's 
fibres. This was in contrast with results after the von Langenbeck procedure 
alone, in which the entire scar tissue covering the former denuded bony areas 
was attached by means of Sharpey's fibres (Leenstra et ai, 1996a, 1996b). 
So, in spite of premature loss of the membranes and delay in wound healing, 
the membranes seemed to have prevented scar tissue attachment at least to 
some extent. Keeping in mind that especially scar tissue attachment to the 
underlying bone is held responsible for growth disturbances (Wijdeveld et 
al, 1989, 1991; In de Braekt et al., 1992, 1995), it is not surprising that a 
slight positive effect on dento-alveolar growth was found after implantation of 
membranes compared to the von Langenbeck procedure alone. 
In spite of the premature loss of the membranes as found in this study, 
biocompatible biodegradable membranes in cleft palate surgery still might be 
useful although some remarks have to be made. Many studies have been 
carried out on the use of different biodegradable materials for different kinds 
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of surgery in experimental and clinical situations Problems as deformation, 
early fracture and displacement of the materials (Beumer 1993, In de Braekt 
et al , 1992, 1995), and partial resorption and nonspecific foreign body 
reactions to the implant materials (Bergsma et al , 1993) were reported 
These problems are not (entirely) solved yet, and further research, both in 
vitro and in vivo is needed to come to a better understanding of the material 
characteristics, and cell and tissue response to biocompatible biodegradable 
materials before using these materials in human (cleft palate) surgery 
Finally, the question remains if the use of biocompatible biodegradable 
membranes in cleft palate surgery is preferable to surgery without these 
implants For the moment, surgery using implants is more complicated with a 
higher failure risk, more time consuming and needs more post-operative care 
compared to surgery without implants 
9.3 Surgical technique to prevent denuded bone 
The other approach aimed at the prevention of areas of denuded bone after 
cleft palate repair by leaving periosteum on the bone This was assumed to 
prevent scar tissue attachment by Sharpey's fibres to the underlying bone 
because the normal attachment of the periosteum to the bone was not 
disturbed Therefore, a partially split flap technique was developed by 
Leenstra et al (1995b, 1995c), which is a combination of a mucosal palatal 
flap technique as used by Perko (1974) and the von Langenbeck technique 
This technique appeared to be relatively easy to perform without risk of flap 
necrosis and was hardly more time consuming than conventional techniques 
of palatal repair. In an experimental study in dogs the partially split flap 
technique resulted in significantly larger transverse distances of the maxillary 
dentition than after the von Langenbeck procedure Re-epitheliahzation time 
took approximately 2 weeks and the histologic features are close to normal 13 
weeks after surgery without massive scar tissue attachment by Sharpey's 
fibres. This is in contrast to von Langenbeck's procedure, in which the re-
epitheliahzation time was 3 weeks and the entire scar tissue covering the 
former denuded bony areas was attached by means of Sharpey's fibres So, 
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in conclusion the partially split flap technique favoured the von Langenbeck 
technique, at least in dogs 
By coincidence, it came to our knowledge that Professor Kohama from 
the Department of Oral and Maxillo-Facial Surgery in Sapporo (Japan), had 
developed a suprapenosteal push-back technique which he used in human 
cleft palate surgery from 1982 on (Kohama 1991) In a joint clinical research 
project (Leenstra et al , 1996c), the pen- and postoperative course and the 
dento-alveolar development of the deciduous dentition in Japanese ULCP, and 
CP patients up to 5 years after two different types of palatal repair were 
evaluated The Kohama suprapenosteal flap technique, without denudation of 
the bony palate (1991), was compared with the Wardill push-back technique 
(1937), with areas of denuded bone It was concluded that the suprapenosteal 
technique can be performed successfully in approximately the same amount 
of time as the push-back technique Re-epithelialization of the wound areas 
after suprapenosteal repair took about 1 week, which is one third of the time 
associated with healing after the push-back technique Arch depth of the 
deciduous dentition after the suprapenosteal technique was superior compared 
to the push back technique 
In conclusion, cleft palate surgery according to a partially split flap 
design is possible both in experimental animals and human cleft patients This 
technique is relatively easy to perform and its most important advantage is 
that denuded bony areas are avoided by cleavage of the mucopenosteum The 
risk of flap necrosis is minimal if the technique is properly performed But 
the question of whether or not the suprapenosteal technique produces more 
favourable dento-alveolar development than the mucopenosteal technique in 
the permanent dentition in humans has to be elucidated in future research 
Introduction of the partially split flap technique in cleft palate surgery in 
children seems to be the next logical step and should be investigated in a 
clinical prospective study 
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Summary 
Chapter 1 elucidates the background of the study and gives a review of 
clinical aspects and research in the field of orofacial clefts and palatal repair. 
Scar tissue formation and its attachment to palatal bone after palatal repair, is 
considered to be one of the major factors of maxillary dento-alveolar growth 
disturbances. The aim of the present thesis was to evaluate the maxillary 
dento-alveolar development after palatal surgery when denuded areas are 
avoided either by covering the denuded areas with biocompatible and 
biodegradable membranes or by leaving the periosteum onto the bone. 
Chapter 2 describes a study on the in vivo behaviour of 5 biodegradable 
films. This study was performed in order to obtain a suitable material for 
separation of mucoperiosteum and bone after palatal repair according to von 
Langenbeck. Non-porous films of poly-(L-lactic) acid (= PLLA), high 
molecular weight poly-(L-lactic) acid (= HMW-PLLA), poly-(DL-lactic) acid 
(= PDLLA), poly (б-caprolactone) (= PCL) and a copolymer of poly 
hydroxybutyrate 80% - hydroxy valerate 20 % (= PHB-co-HV 80/20) were 
implanted submucoperiostally on the palate of beagle dogs. After 2, 4, 8 and 
12 weeks in situ, the structure of the films and the tissue reactions were 
evaluated histologically. It was concluded that, in terms of mechanical 
properties and tissue response, the PHB-co-HV film was the most suitable for 
use on dogs. 
Chapter 3 compares dento-alveolar development in beagle dogs after 
palatal repair according to von Langenbeck with and without implantation of 
membranes made from a copolymer of poly hydroxybutyrate 80%-
hydroxyvalerate 20% ( = PHB-co-HV 80/20). In group 1 (n = 6; age 12 
weeks), palatal surgery was performed using the von Langenbeck technique. 
In group 2 (n = 10; age 12 weeks), the von Langenbeck technique was used, 
followed by implantation of PHB-co-HV membranes. Six dogs (age 12 
weeks) served as unoperated controls. Maxillary arch dimensions were 
studied by means of dental casts until the age of 25 weeks. It was concluded 
that palatal surgery according to von Langenbeck followed by implantation of 
PHB-co-HV membranes had only a slightly positive effect on dento-alveolar 
development compared with the von Langenbeck procedure only, while 
wound healing was retarded and most of the membranes were sequestered. 
Chapter 4 describes a study in which the wound healing process was 
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evaluated clinically and histologically in growing beagle dogs after palatal 
repair according to von Langenbeck with and without implantation of 
membranes of a copolymer of poly hydroxybutyrate 80%- hydroxyvalerate 
20% ( = PHB-co-HV 80/20). Von Langenbeck's repair was performed in 12 
dogs (age 12 weeks) while von Langenbeck's repair followed by implantation 
of PHV-co-HV membranes was carried out in 11 dogs (age 12 weeks). Four 
dogs (age 12 weeks) served as unoperated controls. Standardized intraoral 
slides of the palate were taken and measurements of the wound surface areas 
were carried out. Histological sections were prepared at 3 different ages. The 
animals were studied until the age of 25 weeks. It was found that wound 
closure after the von Langenbeck's procedure took about 3 weeks while the 
use of PHB-co-HV membranes after von Langenbeck's repair resulted in 
complete wound closure after approximately 7 weeks after the membranes 
had sequestered. At the age of 25 weeks, the histologic results after the von 
Langenbeck procedure showed that the entire scar tissue covering the former 
denuded bony areas was attached to the bone by means of Sharpey's fibres, 
while after implantation of the membranes only local scar tissue attachment 
by means of Sharpey's fibres was found. Further research is necessary to 
develop a membrane which allows wound closure without sequestration of it. 
Chapter 5 presents a study, on beagle dogs, in which the possibility of 
preventing the development of Sharpey's fibres by means of a modified 
surgical technique was investigated. In group 1 (n=2; age 6 months), palatal 
repair according to von Langenbeck, was simulated. In group 2 (n = 4; age 18 
months), palatal surgery was performed using a partially split flap technique. 
Two dogs served as unoperated controls. The palates were histologically 
evaluated 12 weeks after surgery and compared with the controls group. In 
group 1, the scar tissue was firmly attached to bundle bone by means of 
Sharpey's fibres. In group 2 and in the controls, this kind of attachment was 
not found; the palatal bone was of the lamellar type. It was found that the 
partially split flap technique had led to the development of vaguely 
demarcated scar tissue only and it had prevented, to a large extent, 
development of Sharpey's fibres. 
In chapter 6 dento-alveolar development in beagle dogs after palatal repair 
according to the partially split flap technique and the von Langenbeck method 
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is compared. In group 1 (n = 10; age 12 weeks) the partially split flap 
technique was used. In group 2 (n = 6; age 12 weeks), palatal repair 
according to von Langenbeck was simulated. Six dogs (age 12 weeks) served 
as controls. Maxillary arch dimensions were studied by means of dental casts 
until the age of 25 weeks. It was concluded that palatal surgery according to 
the partially split flap technique resulted in significantly wider transverse 
maxillary dimensions than after the von Langenbeck procedure and closely 
resembled that of the control group. 
Chapter 7 describes a clinical and histologic evaluation of wound healing 
in growing beagle dogs after palatal repair according to the partially split flap 
technique or the von Langenbeck technique. The partially split flap technique 
was performed in 14 dogs (age 12 weeks). Von Langenbeck repair was 
simulated in 12 dogs (age 12 weeks). Four dogs (age 12 weeks) served as 
controls. The animals were studied until the age of 25 weeks. Standardized 
slides of the palate were taken at 8 occasions and measurements of the wound 
surface areas were carried out. Histological sections were prepared at 3 
different ages. The animals were studied at the age of 25 weeks. It was found 
that re-epithelialization was completed in approximately 2 weeks in dogs after 
palatal repair according to the partially split flap technique while re-
epithelization time after von Langenbeck's repair took 3 weeks. The 
histologic features were close to normal while the von Langenbeck procedure 
results in scar-tissue which was firmly attached to bundle bone by means of 
Sharpey's fibres. It was concluded that the histologic appearance of the 
palatal tissues after palatal repair according to the partially split flap 
technique in growing dogs was close to normal. This is assumed to be the 
reason for a more favourable dento-alveolar development after the partially 
split flap technique as compared that after von Langenbeck's repair. 
Chapter 8 presents a clinical study in which the peri- and postoperative 
course and the dento-alveolar development of the deciduous dentition in 
Japanese ULCP and CP patients up to 5 years after two different types of 
palatal repair was evaluated. One of the methods, the Kohama supraperiosteal 
flap technique, is performed without denudation of the bony palate while the 
other, the Wardill push-back technique, results in areas of denuded bone. It 
was concluded that the supraperiosteal technique can be performed 
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successfully in almost equal time as the push-back technique. Re-
epithelialization of the wound areas after supraperiosteal repair takes about 
one week, which is one third of the time compared to healing after the push-
back technique. Arch depth of the deciduous dentition after the 
supraperiosteal technique is superior compared to the push-back technique. 
The question whether or not the supraperiosteal technique produces more 
favourable dento-alveolar development than the mucoperiosteal technique in 
the permanent dentition in humans has to be elucidated in future research. 
Chapter 9 discusses the results from the previous chapters gives 
suggestions for future research. 
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Samenvatting 
Hoofdstuk 1 geeft een overzicht van klinische aspecten en onderzoek op het 
gebied van schisis en palatumchirurgie. Littekenweefselformatie en de 
hechting ervan aan het palatumbot na chirurgische sluiting van het verhemelte 
wordt beschouwd als een van de belangrijkste oorzaken van de verstoring van 
de dento-alveolaire ontwikkeling van de bovenkaak. In dit proefschrift wordt 
verslag gedaan van een studie naar de dento-alveolaire ontwikkeling na 
palatumchirurgie waarbij postoperatief ontbloot bot wordt voorkomen door 
het te bedekken met biocompatibele en biodegradeerbare membranen of door 
het bedekt te laten met periosteum. 
In hoofdstuk 2 beschrijft het in vivo gedrag van 5 biodegradeerbare 
films. Doel van het onderzoek was geschikte materialen te vinden om 
hechting van littekenweefsel na palatumchirurgie volgens von Langenbeck aan 
het onderliggend bot te voorkomen. Niet-poreuze films van poly-L-melkzuur 
( = PLLA), "high molecular weight" poly-L-melkzuur ( = HMW-PLLA), poly-
DL-melkzuur ( = PDLLA), poly-(e-caprolacton) (= PCL) en een copolymeer 
van polyhydroxybutyraat 80% - hydroxy valeraat 20 % (= PHB-co-HV 
80/20) werden bilateraal submucoperiostaal op het palatum van 2 beagle 
honden geïmplanteerd. De films verbleven respectievelijk 2, 4 ,8 en 12 
weken in situ. Vervolgens werden de structuur van de films en de 
weefselreacties histologisch onderzocht. Qua mechanische eigenschappen en 
inductie van weefselreacties bleek de film van PHB-co-HV het meest geschikt 
voor gebruik bij honden. 
Hoofdstuk 3 vergelijkt de maxillaire dento-alveolaire ontwikkeling bij 
beagle honden na palatumchirurgie volgens von Langenbeck zonder en met 
implantatie van membranen gemaakt van het copolymeer polyhydroxybutyraat 
80%- hydroxyvaleraat ( = PHB-co-HV 80/20). In groep 1 (n=6; leeftijd 12 
weken) werd palatumchirurgie volgens von Langenbeck toegepast. In groep 2 
(n=10; leeftijd 12 weken) werd de von Langenbeck techniek gevolgd door 
implantatie van PHB-co-HV membranen. De niet-geopereerde controlegroep 
bestond uit 6 honden (leeftijd 12 weken). De dimensies van de maxillaire 
dentitie werden bestudeerd tot de leeftijd van 25 weken met behulp van 
gebitsmodellen. Palatumchirurgie volgens von Langenbeck gevolgd door 
implantatie van PHB-co-HV membranen bleek, ondanks de vertraagde 
wondgenezing en sequestrane van de membranen, een gering positief effect 
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op de dento alvéolaire ontwikkeling te hebben in vergelijking tot die na de 
von Langenbeck techniek 
Hoofdstuk 4 doet zowel klinisch als histologisch verslag van de 
wondgenezing van groeiende beagles na palatumchirurgie volgens von 
Langenbeck zonder en met implantatie van membranen gemaakt van het 
copolymeer polyhydroxybutyraat 80%- hydroxy valeraat ( = PHB-co-HV 
80/20) Chirurgie volgens von Langenbeck werd toegepast in 12 honden 
(leeftijd 12 weken) terwijl in 12 andere honden vervolgens PHB-co-HV 
membranen werden geïmplanteerd De met-geopereerde controlegroep 
bestond uit 4 honden (leeftijd 12 weken) De dieren werden bestudeerd tot de 
leeftijd van 25 weken Gestandaardiseerde dia's van het palatum werden 
genomen en vervolgens werden hieraan metingen van de wondoppervlakken 
gedaan Op 3 verschillende leeftijden werden histologische preparaten 
vervaardigd Re-epithelialisatie na chirurgie volgens von Langenbeck duurde 
ongeveer 3 weken terwijl re-epithelialisatie in de ïmplantatengroep bij 
benadering 7 weken in beslag nam waarbij het merendeel van de membranen 
gedurende die periode uitgestoten werd Na von Langenbeck chirurgie, op de 
leeftijd van 25 weken, bleek het volledige littekenweefsel straf te zijn 
verbonden aan het onderliggende bot door middel van vezels van Sharpey, 
terwijl in de implantatiegroep dit slechts lokaal optrad Het ontwikkelen van 
membranen die met worden uitgestoten is noodzakelijk om deze 
onderzoekslijn voort te zetten 
In hoofdstuk 5 wordt een studie met beagles beschreven, waarin 
onderzocht is of het ontstaan van vezels van Sharpey na palatumchirurgie met 
behulp van een gemodificeerde chirurgische techniek voorkomen kan worden 
In groep 1 (n = 2, leeftijd 6 maanden) werd geopereerd volgens von 
Langenbeck In groep 2 (n=4, leeftijd 18 maanden) werd de "partially split 
flap techniek" toegepast De controle groep bestond uit 2 met-geopereerde 
honden Twaalf weken postoperatief werden de verhemelten histologisch 
onderzocht en vergeleken met die van de controlegroep In groep 1 was het 
littekenweefsel via vezels van Sharpey hecht verankerd aan het palatinale bot 
dat niet de normale lamellaire structuur vertoonde maar bestond uit "bundie" 
bot In groep 2 en in de controlegroep werd deze verankering met 
waargenomen Het bot bleek van het lamellaire type te zijn Geconcludeerd 
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werd dat de "partially split flap techniek" leidt tot het ontstaan van vaag 
begrensd littekenweefsel. Tevens bleek het ontstaan van vezels van Sharpey 
vrijwel te kunnen worden voorkomen. 
In hoofdstuk 6 wordt in beagles de dento-alveolaire ontwikkeling na 
palatumchirurgie volgens de "partially split flap techniek" en de von 
Langenbeck procedure vergeleken. Groep 1 (n=10; leeftijd 12 weken) werd 
geopereerd volgens de "partially split flap techniek". In groep 2 (n = 6; 
leeftijd 12 weken) werd de von Langenbeck techniek toegepast. De 
controlegroep bestond uit 6 honden (leeftijd 12 weken). Afmetingen van de 
boventandboog werden bestudeerd tot en met de leeftijd van 25 weken met 
behulp van gebilsmodellen. Palatumchirurgie volgens de "partially split flap 
techniek" leidde tot significant bredere boventandbogen dan volgens de von 
Langenbeck procedure en toonde grote gelijkenis met de controlegroep. 
In hoofdstuk 7 wordt de wondgenezing na palatumchirurgie volgens de 
"partially split flap techniek" en volgens von Langenbeck klinisch en 
histologisch geëvalueerd in groeiende beagles. De "partially split flap 
techniek" werd toegepast op 14 honden (leeftijd 12 weken). Simulatie van de 
von Langenbeck techniek vond plaats in 12 honden (leeftijd 12 weken). De 
controlegroep bestond uit 4 honden. De dieren werden bestudeerd tot en met 
de leeftijd van 25 weken. Gestandaardiseerde dia's van het palatum werden 
genomen en vervolgens werden hieraan metingen van de wondoppervlakken 
gedaan. Op 3 verschillende leeftijden werden histologische preparaten 
vervaardigd. Re-epithelialisatie na chirurgie volgens de "partially split flap 
techniek" duurde ongeveer 2 weken terwijl re-epithelialisatie na de von 
Langenbeck procedure bij benadering 3 weken in beslag nam. De histologie 
na de "partially split flap techniek" was vrijwel vergelijkbaar met die van de 
controle groep terwijl de von Langenbeck procedure resulteerde in 
littekenweefsel dat door middel van Sharpey's vezels straf met het 
onderliggende bot verbonden was. Dit werd als reden gezien voor de meer 
gunstige dento-alveolaire ontwikkeling van de bovenkaak na chirurgie volgens 
de "partially split flap techniek" in vergelijking met die na de von 
Langenbeck procedure. 
Hoofdstuk 8 beschrijft een klinische studie waarin het peri- en 
postoperatieve verloop en de dento-alveolaire ontwikkeling van het melkgebit 
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in Japanse UCLP-, en CP-patienten tot 5 jaar na 2 verschillende manieren 
van palatumchirurgie werd geëvalueerd. De ene techniek, de "Kohama 
suprapenosteal flap techniek" leidt niet tot ontbloot bot terwijl de andere, de 
"Wardill push-back techniek" wel in gebieden met ontbloot bot resulteert. 
Geconcludeerd werd dat de "suprapenosteal flap techniek" in vrijwel dezelfde 
tijd kon worden uitgevoerd als de "push-back techniek". Re-epithelialisatie 
van de wondgebieden na de "suprapenosteal flap techniek" vond in ongeveer 
1 week tijd plaats terwijl dit voor de "push-back techniek" circa 3 weken 
duurde. De kaaklengte in de melkdentitie na de "suprapenosteal techniek" 
was groter dan die na de "push-back techniek" Toekomstig onderzoek dient 
antwoord te geven op de vraag of de "suprapenosteal techniek" ook in het 
blijvend gebit tot een betere dento-alveolaire ontwikkeling zal leiden dan de 
"push-back techniek". 
In hoofdstuk 9 worden de resultaten van de vorige hoofdstukken 
besproken en worden suggesties gedaan voor toekomstig onderzoek. 
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STELLINGEN 
behorend bij het proefschrift 
CLEFT PALATE REPAIR AND DENTO-ALVEOLAR 
DEVELOPMENT 
An experimental and clinical study 
Nijmegen, 2 juni 1997 
I homas S. Lcenstra 
1. Palatumchirurgie volgens von Langenbeck bij honden gevolgd door 
implantatie van membranen van het copolymeer polyhydroxybutyraat 
80% - hydroxy valeraat 20% leidt tot vertraagde wondgenezing en 
sequestratie van de membranen. 
Dit proefschrift 
2. Het gedrag van biodegradeerbare materialen is nauwkeuriger te 
voorspellen als de testsituatie en de uiteindelijke toepassing ervan elkaar 
zoveel mogelijk benaderen. 
MILLER ND, WILLIAMS DF (1987). On the biodégradation of poly-
ß-hydroxybutyrate (PHB) homopolymer and poly-ß-hydroxybutyrate-
hydroxyvalerate copolymers. Biomaterials 8: 129-137 
3. Bij correcte uitvoering van de "partially split flap techniek" is de kans 
op beschadiging van de arteria palatina major of op weefselnecrose 
gering (nihil). 
Dit proefschrift 
4. De dento-alveolaire ontwikkeling van de maxilla bij honden na de 
"partially split flap techniek" is vergelijkbaar met die van de controle-
groep. 
Dit proefschrift 
5. Het histologisch beeld van het palatinale mucoperiosteum na de 
"partially split flap techniek" bij groeiende honden vertoont grote 
overeenkomsten met het histologisch beeld bij niet-geopereerde honden. 
Dit proefschrift 
6. Bij Japanse kinderen met een UCLP of een CP is de kaaklengte in de 
melkdentitie na de "supraperiosteal techniek" groter dan die na de "push-
back techniek". 
Dit proefschrift 
7. Gezien de resultaten van dit proefschrift lijkt de introductie van de 
"partially split flap techniek" in schisis-chirurgie bij kinderen een 
logische volgende stap en deze dient plaats te vinden in een klinisch 
prospectief onderzoek. 
Dit proefschrift 
8. Om zich goed in te kunnen leven in het lot van een orthodontisch patiënt 
is het wenselijk dat een orthodontist in opleiding gedurende minimaal 1 
jaar behandeld wordt met een headgear-activator. 
9. De grote rivieren van Nederland vormen zowel een natuurlijke als een 
psychologische barrière. 
10. Het kan uit het oogpunt van time management vaak verstandig zijn de 
computer niet te gebruiken. 
11. Wie niet bij de hand is wordt eenvoudig bij de poot genomen. 
12. Het meemaken van een aardbeving is een schokkende belevenis. 
13. Niets doen is soms beter. 
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